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DYNAMIC RANGE CONTROL GAIN ENCODING

RELATED MATTERS
[0001] This application claims the benefit of the earlier filing date of U.S. provisional
application no. 61/914,288, filed December 10, 2013.
FIELD
[0002] An embodiment of the invention generally relates to a system and method for
selecting spline nodes in a spline representation of Dynamic Range Control (DRC) gain values
for an audio signal. Other embodiments are also described.
BACKGROUND
[0003] Dynamic Range Control/Compression (DRC) reduces the dynamic range of an audio
signal by some amount by (1) making soft parts in the audio signal louder; (2) making loud parts
in the audio signal softer; or (3) both making soft parts louder and making loud parts softer. A
reduced dynamic range may be desirable in several situations, including for audio playback
systems that can only reproduce a small dynamic range while maintaining low distortions,
listening environments with distracting sounds, and in situations where the listener does not
want to distract others. DRC may also be applied to avoid clipping, i.e., exceeding the full scale
of the audio format, for instance when audio samples are represented as fixed-point numbers.
Another application of time-varying gain is the generation of fade-in and fade-out of the audio
content at the beginning and end of a song for so-called gap-less content.
[0004] The approaches described in this section are approaches that could be pursued, but
not necessarily approaches that have been previously conceived or pursued. Therefore, unless
otherwise indicated, it should not be assumed that any of the approaches described in this
section qualify as prior art merely by virtue of their inclusion in this section.
SUMMARY
[0005] In one embodiment, a system and method may be used for encoding an audio signal
corresponding to a piece of sound program content. In particular, the system and method may
convert Dynamic Range Control/Compression (DRC) gain values into a spline representation
that is compatible with the current standards (e.g., International Organization for
Standardization (ISO) and/or Moving Picture Experts Group (MPEG) standards and proposals).
In one embodiment, the system and method may: 1) minimize the bitrate for encoding and/or 2)
minimize the approximation error between reference gain and interpolation values. In one
embodiment, a strategy for bitrate minimization may be the reduction of the number of spline
nodes since gain and slope information must be transmitted for each node. Accordingly, by

reducing the number of spline nodes, the amount of data transmitted or needed to be stored will
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also decrease. However, if the node density is not sufficient to accurately represent the gain
curve, the approximation error will increase.

[0006] To solve this optimization, a brute-force method may be used that evaluates all
possible combinations of DRC spline nodes for an audio signal and picks the best configuration.
However, this method may be extremely complex due to the huge number of possible
combinations. Hence, a technically more reasonable approach may be one based on heuristics
that is able to achieve good results with comparatively small complexity. Such a heuristic
method is presented herein.
[0007] The above summary does not include an exhaustive list of all aspects of the present
invention. It is contemplated that the invention includes all systems and methods that can be
practiced from all suitable combinations of the various aspects summarized above, as well as
those disclosed in the Detailed Description below and particularly pointed out in the claims filed
with the application. Such combinations have particular advantages not specifically recited in
the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The embodiments of the invention are illustrated by way of example and not by way
of limitation in the figures of the accompanying drawings in which like references indicate
similar elements. It should be noted that references to "an" or “one” embodiment of the
invention in this disclosure are not necessarily to the same embodiment, and they mean at least
one.
[0009] Figure 1 shows Dynamic Range Control/Compression (DRC) gain representation
using splines according to one embodiment.
[0010] Figure 2 shows spline modification by removing the middle node if three
consecutive nodes have identical gain values according to one embodiment.
[0011] Figure 3 shows spline modification by removing one middle node of four nodes if
the two middle nodes have the same gain value and the four nodes are on an ascending or
descending slope according to one embodiment.
[0012] Figure 4 shows spline modification by setting the slope steepness to zero for local
maxima and minima of gain according to one embodiment.
[0013] Figure 5 shows spline modification by setting the slope steepness to zero if
neighboring quantized gain values are the same according to one embodiment.
[0014] Figure 6 shows spline modification by removing nodes on slopes if the slope is
approximately constant according to one embodiment.
[0015] Figure 7 shows spline modification to avoid overshoots according to one

embodiment.
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[0016] Figure 8 shows a component diagram of an audio encoding device according to one
embodiment.

[0017] Figure 9 shows a method for encoding an audio signal corresponding to a piece of
sound program content according to one embodiment.

DETAILED DESCRIPTION
[0018] Several embodiments of the invention with reference to the appended drawings are
now explained. Whenever the shapes, relative positions and other aspects of the parts described
in the embodiments are not clearly defined, the scope of the invention is not limited only to the
parts shown, which are meant merely for the purpose of illustration. Also, while numerous
details are set forth, it is understood that some embodiments of the invention may be practiced
without these details. In other instances, well-known circuits, structures, and techniques have
not been shown in detail so as not to obscure the understanding of this description.
[0019] Dynamic Range Control (DRC) of audio signals is currently subject to
standardization by International Organization for Standardization (ISO) and/or Moving Picture
Experts Group (MPEG). At the current stage of standardization, time-varying DRC gain values
are encoded for transmission along with a corresponding audio signal. Since MPEG only
specifies the bitstream format and decoding algorithm, there is flexibility in encoder design and
optimization. An algorithm is provided herein for the conversion of DRC gain values into a
spline representation for encoding that is compatible with the current MPEG proposal.
[0020] The current MPEG working draft includes a description of the DRC gain bitstream
syntax, so that time-varying gains can efficiently be transmitted to a receiver. The receiver can
then apply the time-varying gains when appropriate. The decoder for the encoded gain
sequences is fully specified in the draft and is based on spline interpolation. However, the
encoder is only required to produce a valid bitstream, but is otherwise unconstrained.
[0021] The time-varying DRC gains may be generated by a dynamic range compressor. For
simplicity, the time-varying DRC gains at the output of the dynamic range compressor may be
given in a linear pulse-code modulation (LPCM) format at the audio sample rate and the gain
samples are given in decibels (dB). The audio signal may be processed frame-by-frame, where
each frame consists of a constant number of audio samples.
[0022] Figure 1 shows an example of a DRC representation using splines. The upper graph
includes the gain (solid line), where circles represent discrete time instances selected by the gain
encoder to place nodes for the spline interpolation. Each node has a slope steepness indicated by
the arrows. The nodes can only be located on a uniform grid which is specified by the decoding
algorithm.

[0023] The lower graph includes the same gain (solid line) and the interpolated gain (dashed
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line). The interpolation is based on quantized gain values and slopes. Hence, the nodes are
located on cross points of the mesh and the slopes have slightly different values as specified by
the decoding algorithm.

[0024] In one embodiment, the main goals of an efficient DRC gain encoder may be
twofold: 1) minimize the bitrate for encoding and/or 2) minimize the approximation error
between reference gain and interpolation values. In one embodiment, a strategy for bitrate
minimization may be the reduction of the number of nodes since gain and slope information
must be transmitted for each node. Accordingly, by reducing the number of spline nodes, the
amount of data transmitted or needed to be stored will also decrease. However, if the node
density is not sufficient to accurately represent the gain curve, the approximation error will
increase.

[0025] A relevant measure of the approximation may be conceptually based on a perceptual
difference. This means that a deviation of the reference gain curve is only significant if it can
potentially cause an audible difference. As a guideline, the quantization step sizes for the time
and gain coordinates have been designed to be smaller than critical values that would result in a
just noticeable difference. Hence, deviations within half of the quantization step size are
considered inaudible.

[0026] Intuitively, the gain encoder should allocate more nodes to areas with larger gain
changes. If there is no gain change at all, just one node is sufficient to represent the gain for the
whole frame. Due to the spline interpolation method, which is based on polynomials of orders
up to three, the interpolated gain may result in unintended oscillations. These oscillations may
be especially problematic when they lead to “overshoots™ of the interpolated gain curve so that
the audio signal would unintentionally be amplified. To avoid this problem, a gain encoder may
be designed to monitor overshoots and similar artifacts of the spline interpolation and avoid
these issues by modifying the encoding. The modifications may include a different placement of
spline nodes and/or changes of slope steepness values.

[0027] To solve this optimization, a brute-force method may be used that evaluates all
possible encodings and picks the best configuration. However, this method may be extremely
complex due to the huge number of possible combinations. Hence, a technically more
reasonable approach may be one based on heuristics that is able to achieve good results with
comparatively small complexity. Such a heuristic method is presented below.

[0028] OPTIMIZED SPLINE REPRESENTATION

[0029] In the following, a system and method for DRC gain representation using splines is
described. The system and method produce an optimized spline representation in the sense that

they aim to minimize bit rate and approximation error. The method may consist of a number of
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operations that work well in the order they appear. However, in other embodiments the order of
the operation may be changed without producing significantly inferior results. In some
embodiments, the operations of the method may be performed in partially overlapping time
periods.

[0030] The spline representation may be completely defined when all node coordinates are
given along with their corresponding slope steepness. The two dimensional node coordinates
may be specified by a time value and a gain value. Values described herein may be quantized
according to one or more techniques. In some embodiments, a single spline segment between
two nodes may depend on the time/gain coordinates and slopes at the two nodes.

[0031] AUDIO ENCODING DEVICE

[0032] Figure 8 shows an audio encoding device 800 according to one embodiment. The
audio encoding device 800 may be any device capable of performing one or more operations of
the audio encoding method that will be described in greater detail below. For example, the
audio encoding device 800 may be a desktop computer, a laptop computer, a tablet computer, a
mobile device (e.g., a smartphone), a set-top box, a gaming device, or any other similar device
that is capable of processing and encoding a piece of audio.

[0033] As shown in Figure 8, the audio encoding device 800 may include a hardware
processor 801 and/or a memory unit 803. The processor 801 and the memory unit 803 are
generically used here to refer to any suitable combination of programmable data processing
components and data storage that conduct the operations needed to implement the various
functions and operations of the audio encoding device 800. The processor 801 may be an
applications processor typically found in a smart phone, while the memory unit 803 may refer to
microelectronic, non-volatile random access memory. An operating system may be stored in the
memory unit 803 along with application programs specific to the various functions of the audio
encoding device 800, which are to be run or executed by the processor 801 to perform the
various functions of the audio encoding device 800. For example, an audio encoder 805 may be
stored in the memory unit 803. As will be described in greater detail below, the audio encoder
805 may be used to encode a piece of sound program content represented by an audio signal.
[0034] In one embodiment, the audio encoding device 800 may include an interface 807 for
communicating with one or more audio playback devices 809 or other devices (e.g., remote
audio/video streaming services) over the switching fabric 811. The interface 807 may utilize
wired mediums (e.g., conduit or wire) to communicate with the audio playback devices 8§09. In
another embodiment, the interface 807 may communicate with the audio playback devices 809
through a wireless connection. For example, the interface 807 may utilize one or more wireless

protocols and standards for communicating with the audio playback devices 809, including the
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IEEE 802.11 suite of standards, cellular Global System for Mobile Communications (GSM)
standards, cellular Code Division Multiple Access (CDMA) standards, Long Term Evolution
(LTE) standards, and/or Bluetooth standards.

[0035] In one embodiment, the switching fabric 811 includes a set of network components
that facilitate communications between multiple devices. For example, the switching fabric 811
may be composed of one or more switches, routers, hubs, etc. These network components that
comprise the switching fabric 811 may operate using both wired and wireless mediums as
described above in relation to the interface 807.

[0036] Turning now to Figure 9, a method 900 for encoding an audio signal corresponding
to a piece of sound program content (e.g., a musical composition or an audio track for a movie)
will now be described. In one embodiment, the method 900 may encode the audio signal by
selecting spline nodes for DRC gain values. In one embodiment, the method 900 may be
performed by one or more components of the audio encoding device 800. For example, the
audio encoder 805 may perform one or more operations of the method 900. In other
embodiments, the method 900 may be performed by other components of the audio encoding
device 800, including hardware circuitry integrated or otherwise associated with the audio
encoding device 800. Each operation of the method 900 will be described below by way of
example.

[0037] PREPARATION STEPS

[0038] In one embodiment, the method 900 may commence at operation 901 with receipt of
DRC gain values corresponding to an audio signal. For example, the DRC gain values may be
extracted from the audio signal, which was received via the interface 807 from a remote device,
or stored locally on the audio encoding device 800. The DRC gain values may be fed into a
DRC gain encoder (e.g., the audio encoder 805) in an LPCM format, i.e., a uniformly sampled
sequence of PCM values usually at the audio sample rate. The audio sample rate may be higher
than the maximum rate at which spline nodes can occur. DRC gains may be processed frame-
by-frame. The last gain value of the previous frame may be stored to be available for processing
of the current frame. In one embodiment, at operation 903, the DRC gain values may be
smoothed over time to eliminate very fast gain changes that can misguide the algorithm. These
fast gain changes can be eliminated because they are irrelevant in terms of perception. Slope
values may be computed based on the smoothed DRC gain.

[0039] PLACING INITIAL SPLINE NODES

[0040] Following optional smoothing, spline nodes may be calculated. In a first step, a
number of spline nodes may be placed at certain locations for the current frame. The locations

for the nodes are identified by evaluating gain changes and slopes.
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[0041] In one embodiment, the smoothed DRC gain may be quantized at operation 905 and
the smoothed quantized gain values may be used to select spline nodes at operation 907 as
follows:

[0042] A spline node may be placed at a certain point in time (without quantization),

if there is a change in the quantized DRC gain.

[0043] If there is a period with identical quantized DRC gain values, a node is placed

at the quantized value with the smallest quantization error.

[0044] If there is no node assigned so far, a node is placed in the middle of the

frame.

[0045] The node locations in time are now quantized and the gain values at the new time
locations are quantized. If the quantization error is large in areas with a larger slope, new nodes
may be inserted to reduce the approximation error.

[0046] MODIFYING NODES

[0047] The existing nodes may be evaluated at operation 909 and modified or removed
depending on the following rules:

[0048] Remove the middle node if three consecutive nodes have identical gain (see
Figure 2).

[0049] Remove one middle node of four nodes if the two middle nodes have the same gain

value and the four nodes are on an ascending or descending slope (see Figure 3).

[0050] Set the slope steepness to zero for local maxima and minima of the gain (see
Figure 4).
[0051] Set the slope steepness to zero if neighboring quantized gain values are the

same (see Figure 5).

[0052] Remove nodes on slopes if the slope is approximately constant (see Figure 6).
[0053] Avoid overshoots: make steep slopes shallower if there is an overshoot. Overshoots
can be detected by computing the locations where the first derivative of the spline is zero. The
gain at these locations can be computed and compared to the gain values at the nodes. An
overshoot is given when the gain exceeds the maximum gain of the two spline nodes by a
certain factor, or if the gain is below the minimum of the two spline node gains by a certain
factor. For a cubic spline, there can be up to two locations with a derivative of zero if at least
one slope is nonzero (see Figure 7).

[0054] As explained above, the method 900 produces an optimized spline representation,
which minimizes bit rate and approximation error. In particular, by using a heuristics approach
to select and modify spline nodes for placement in a DRC representation, the method 900 is able

to generate a set of spline nodes that accurately represent a corresponding audio signal with a
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reduced complexity in comparison to a brute force approach as described above.
[0055] In one embodiment, the DRC gain representation, which includes the DRC spline
nodes generated above, may be transmitted or otherwise delivered to one or more audio
playback devices 809 at operation 911. For example, the DRC spline nodes may be transmitted
along with other pieces of data representing a corresponding audio signal, to one or more of the
audio playback devices 809 via the interface 807 and the switching fabric 811. However, in
other embodiments, the DRC spline nodes may be transmitted to the audio playback devices 809
using any other medium. The audio playback devices 809 may utilize these DRC spline nodes
to decode/generate a set of DRC gain values for playback a corresponding piece of sound
program content.
[0056] Several example embodiments will not be described based on the description
provided above. In one embodiment, an article of manufacture for selecting spline nodes for
Dynamic Range Control (DRC) gain values, comprises: a non-transitory machine-readable
storage medium that stores instructions which, when executed by a processor in a computer,
quantize DRC gain values for a frame of a corresponding audio signal; place one or more spline
nodes in a spline representation of the DRC gain values based on the quantized DRC gain values
or the DRC gain values; and modify the one or more spline nodes in the spline representation to
reduce overshoots and remove redundancies.
[0057] In one embodiment, each of the spline nodes is represented by a gain value, a time
value indicating when the corresponding gain value is applied in the frame, and a slope value.
[0058] In one embodiment the non-transitory machine-readable storage medium stores
further instructions for placing the one or more spline nodes which, when executed by the
processor: place a spline node at a location in the spline representation corresponding to a
change in gain between neighboring quantized DRC gain values.
[0059] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for placing the one or more spline nodes which, when executed by the
processor: determine quantization error values for the quantized DRC gain values in comparison
to the received DRC gain values; and when two neighboring quantized DRC gain values have
the same gain value, place a spline node at a location in the spline representation corresponding
to the quantized DRC gain value of the two neighboring quantized DRC gain values with the
lowest quantization error.
[0060] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for placing the one or more spline nodes which, when executed by the
processor: place a spline node in the center of the spline representation with a gain value of a

corresponding quantized DRC gain value when after attempting to place spline nodes in the
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spline representation based on 1) change in gain between neighboring quantized DRC gain
values and 2) quantization error values of two identical neighboring quantized DRC gain values
no spline nodes have been placed in the spline representation.

[0061] In one embodiment, the non-transitory machine-readable storage medium includes
further instructions which, when executed by the processor: quantize the spline nodes placed in
the time representation of the frame in terms of time values and gain values; and insert spline
nodes in the spline representation of the frame to reduce approximation errors when the
quantization error is above a predefined error value for one or more quantized DRC gain values
with slopes above a predefined slope value.

[0062] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the
processor: remove a middle spline node when three neighboring spline nodes in the spline
representation have identical gain values.

[0063] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the
processor: remove, in a set of four neighboring spline nodes in the spline representation with
two outer spline nodes and two middle spline nodes, one of the middle spline nodes when both
middle spline nodes have identical gain values and the set of four neighboring spline nodes are
collectively on an ascending or descending slope.

[0064] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the
processor: set the slope steepness for spline nodes at local maxima and local minima in the
spline representation to zero.

[0065] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the
processor: set the slope steepness for neighboring spline nodes with identical gain values in the
spline representation to zero.

[0066] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the
processor: remove, in a set of three or more neighboring spline nodes, one or more spline nodes
from the set of three or more neighboring spline nodes, when the slope values for the three or
more spline nodes are within a predefined variance level.

[0067] In one embodiment, the non-transitory machine-readable storage medium stores
further instructions for modifying the one or more spline nodes which, when executed by the

processor: compute the first derivative for a segment of a spline in the spline representation,
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wherein the segment of the spline is positioned between two spline nodes; determine the gain
value for the segment of the spline when the first derivative for the segment of the spline is zero;
detect an overshoot by the segment of the spline when the gain value for the segment of the
spline is 1) above the maximum gain value of the two spline nodes by a predefined factor or 2)
below the minimum gain value of the two spline nodes by the predefined factor; and adjust the
slope values for the two spline nodes to make the slope values for the two spline nodes
shallower in response to detecting an overshoot for the segment of the spline.

[0068] In one embodiment, the non-transitory machine-readable storage medium includes
further instructions which, when executed by the processor: smooth the DRC gain values prior
to quantizing the DRC gain values such that fast gain changes are eliminated.

[0069] In one embodiment, a system for selecting spline nodes for Dynamic Range Control
(DRC) gain values, comprises: a device, including a hardware processor, the device being
configured to: quantize DRC gain values for a frame corresponding to an audio signal;  place
one or more spline nodes in a spline representation of the DRC gain values based on the
quantized DRC gain values or the DRC gain values; and modify the one or more spline nodes in
the spline representation to reduce overshoots and remove redundancies.

[0070] In one embodiment, each of the spline nodes is represented by a gain value, a time
value indicating when the corresponding gain value is applied in the frame, and a slope value.
[0071] In one embodiment, the device is further configured to: place a spline node at a
location in the spline representation corresponding to a change in gain between neighboring
quantized DRC gain values.

[0072] In one embodiment, the device is further configured to: determine quantization error
values for the quantized DRC gain values in comparison to the received DRC gain values; and
when two neighboring quantized DRC gain values have the same gain value, place a spline node
at a location in the spline representation corresponding to the quantized DRC gain value of the
two neighboring quantized DRC gain values with the lowest quantization error.

[0073] In one embodiment, the device is further configured to: place a spline node in the
center of the spline representation with a gain value of a corresponding quantized DRC gain
value when after attempting to place spline nodes in the spline representation based on 1)
change in gain between neighboring quantized DRC gain values and 2) quantization error values
of two identical neighboring quantized DRC gain values no spline nodes have been placed in the
spline representation.

[0074] In one embodiment, the device is further configured to: quantize the spline nodes
placed in the time representation of the frame in terms of time values and gain values; and insert

spline nodes in the spline representation of the frame to reduce approximation errors when the
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quantization error is above a predefined error value for one or more quantized DRC gain values
with slopes above a predefined slope value.

[0075] In one embodiment, the device is further configured to: remove a middle spline node
when three neighboring spline nodes in the spline representation have identical gain values.
[0076] In one embodiment, the device is further configured to: remove, in a set of four
neighboring spline nodes in the spline representation with two outer spline nodes and two
middle spline nodes, one of the middle spline nodes when both middle spline nodes have
identical gain values and the set of four neighboring spline nodes are collectively on an
ascending or descending slope.

[0077] In one embodiment, the device is further configured to: set the slope steepness for
spline nodes at local maxima and local minima in the spline representation to zero.

[0078] In one embodiment, the device is further configured to: set the slope steepness for
neighboring spline nodes with identical gain values in the spline representation to zero.

[0079] In one embodiment, the device is further configured to: remove, in a set of three or
more neighboring spline nodes, one or more spline nodes from the set of three or more
neighboring spline nodes, when the slope values for the three or more spline nodes are within a
predefined variance level.

[0080] In one embodiment, the device is further configured to: compute the first derivative
for a segment of a spline in the spline representation, wherein the segment of the spline is
positioned between two spline nodes; determine the gain value for the segment of the spline
when the first derivative for the segment of the spline is zero; detect an overshoot by the
segment of the spline when the gain value for the segment of the spline is 1) above the
maximum gain value of the two spline nodes by a predefined factor or 2) below the minimum
gain value of the two spline nodes by the predefined factor; and adjust the slope values for the
two spline nodes to make the slope values for the two spline nodes shallower in response to
detecting an overshoot for the segment of the spline.

[0081] In one embodiment, the device is further configured to: smooth the DRC gain values
prior to quantizing the DRC gain values such that fast gain changes are eliminated.

[0082] As explained above, an embodiment of the invention may be a machine-readable
medium such as one or more solid state memory devices having stored thereon instructions
which program one or more data processing components (generically referred to here as “a
processor”’ or a “computer system”) to perform some of the operations described above. In
other embodiments, some of these operations might be performed by specific hardware
components that contain hardwired logic. Those operations might alternatively be performed by

any combination of programmed data processing components and fixed hardwired circuit
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components.
[0083] While certain embodiments have been described and shown in the accompanying
drawings, it is to be understood that such embodiments are merely illustrative of and not
restrictive on the broad invention, and that the invention is not limited to the specific
constructions and arrangements shown and described, since various other modifications may
occur to those of ordinary skill in the art. The description is thus to be regarded as illustrative

instead of limiting.
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CLAIMS

What is claimed is:

1. A method for selecting spline nodes for Dynamic Range Control (DRC) gain values,
comprising:

receiving DRC gain values corresponding to an audio signal;

quantizing the DRC gain values for a frame of the audio signal;

placing one or more spline nodes in a spline representation of the DRC gain values based
on the quantized DRC gain values or the DRC gain values; and

modifying the one or more spline nodes in the spline representation to reduce overshoots

and remove redundancies.

2. The method of claim 1, wherein each of the spline nodes is represented by a gain value, a
time value indicating when the corresponding gain value is applied in the frame, and a slope

value.

3. The method of claim 2, wherein placing the one or more spline nodes comprises:
placing a spline node at a location in the spline representation corresponding to a change

in gain between neighboring quantized DRC gain values.

4. The method of claim 3, wherein placing the one or more spline nodes further comprises:
determining quantization error values for the quantized DRC gain values in comparison
to the received DRC gain values; and
when two neighboring quantized DRC gain values have the same gain value, placing a
spline node at a location in the spline representation corresponding to the quantized DRC gain

value of the two neighboring quantized DRC gain values with the lowest quantization error.

5. The method of claim 4, wherein placing the one or more spline nodes further comprises:
placing a spline node in the center of the spline representation with a gain value of a
corresponding quantized DRC gain value when after attempting to place spline nodes in the
spline representation based on 1) change in gain between neighboring quantized DRC gain
values and 2) quantization error values of two identical neighboring quantized DRC gain values

no spline nodes have been placed in the spline representation.
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6. The method of claim 5, further comprising:
quantizing the spline nodes placed in the time representation of the frame in terms of
time values and gain values; and
inserting spline nodes in the spline representation of the frame to reduce approximation
errors when the quantization error is above a predefined error value for one or more quantized

DRC gain values with slopes above a predefined slope value.

7. The method of claim 2, wherein modifying the one or more spline nodes comprises:
removing a middle spline node when three neighboring spline nodes in the spline

representation have identical gain values.

8. The method of claim 2, wherein modifying the one or more spline nodes comprises:
removing, in a set of four neighboring spline nodes in the spline representation with two

outer spline nodes and two middle spline nodes, one of the middle spline nodes when both

middle spline nodes have identical gain values and the set of four neighboring spline nodes are

collectively on an ascending or descending slope.

0. The method of claim 2, wherein modifying the one or more spline nodes comprises:
setting the slope steepness for spline nodes at local maxima and local minima in the

spline representation to zero.

10. The method of claim 2, wherein modifying the one or more spline nodes comprises:
setting the slope steepness for neighboring spline nodes with identical gain values in the

spline representation to zero.

11. The method of claim 2, wherein modifying the one or more spline nodes comprises:
removing, in a set of three or more neighboring spline nodes, one or more spline nodes
from the set of three or more neighboring spline nodes, when the slope values for the three or

more spline nodes are within a predefined variance level.

12. The method of claim 2, wherein modifying the one or more spline nodes comprises:
computing the first derivative for a segment of a spline in the spline representation,
wherein the segment of the spline is positioned between two spline nodes;
determining the gain value for the segment of the spline when the first derivative for the

segment of the spline is zero;
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detecting an overshoot by the segment of the spline when the gain value for the segment
of the spline is 1) above the maximum gain value of the two spline nodes by a predefined factor
or 2) below the minimum gain value of the two spline nodes by the predefined factor; and
adjusting the slope values for the two spline nodes to make the slope values for the two

spline nodes shallower in response to detecting an overshoot for the segment of the spline.

13. The method of claim 1, further comprising:
smoothing the DRC gain values prior to quantizing the DRC gain values such that fast

gain changes are eliminated.

14. An article of manufacture for selecting spline nodes for Dynamic Range Control (DRC)
gain values, comprising:

a non-transitory machine-readable storage medium that stores instructions which, when
executed by a processor in a computer,

quantize DRC gain values for a frame of a corresponding audio signal;

place one or more spline nodes in a spline representation of the DRC gain values
based on the quantized DRC gain values or the DRC gain values; and

modify the one or more spline nodes in the spline representation to reduce

overshoots and remove redundancies.

15. The article of manufacture of claim 14, wherein each of the spline nodes is represented
by a gain value, a time value indicating when the corresponding gain value is applied in the

frame, and a slope value.

16. The article of manufacture of claim 15, wherein the non-transitory machine-readable
storage medium stores further instructions for placing the one or more spline nodes which, when
executed by the processor:

place a spline node at a location in the spline representation corresponding to a change in

gain between neighboring quantized DRC gain values.

17. The article of manufacture of claim 16, wherein the non-transitory machine-readable
storage medium stores further instructions for placing the one or more spline nodes which, when
executed by the processor:

determine quantization error values for the quantized DRC gain values in comparison to

the received DRC gain values; and
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when two neighboring quantized DRC gain values have the same gain value, place a
spline node at a location in the spline representation corresponding to the quantized DRC gain

value of the two neighboring quantized DRC gain values with the lowest quantization error.

18. The article of manufacture of claim 17, wherein the non-transitory machine-readable
storage medium stores further instructions for placing the one or more spline nodes which, when
executed by the processor:

place a spline node in the center of the spline representation with a gain value of a
corresponding quantized DRC gain value when after attempting to place spline nodes in the
spline representation based on 1) change in gain between neighboring quantized DRC gain
values and 2) quantization error values of two identical neighboring quantized DRC gain values

no spline nodes have been placed in the spline representation.

19. The article of manufacture of claim 18, wherein the non-transitory machine-readable
storage medium includes further instructions which, when executed by the processor:

quantize the spline nodes placed in the time representation of the frame in terms of time
values and gain values; and

insert spline nodes in the spline representation of the frame to reduce approximation
errors when the quantization error is above a predefined error value for one or more quantized

DRC gain values with slopes above a predefined slope value.

20. A system for selecting spline nodes for Dynamic Range Control (DRC) gain values,
comprising:
a device, including a hardware processor, the device being configured to:
quantize DRC gain values for a frame corresponding to an audio signal;
place one or more spline nodes in a spline representation of the DRC gain values
based on the quantized DRC gain values or the DRC gain values; and
modify the one or more spline nodes in the spline representation to reduce

overshoots and remove redundancies.

21. The system of claim 20, wherein each of the spline nodes is represented by a gain value,
a time value indicating when the corresponding gain value is applied in the frame, and a slope

value.

22. The system of claim 21, wherein the device is further configured to:
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place a spline node at a location in the spline representation corresponding to a change in

gain between neighboring quantized DRC gain values.

23. The system of claim 22, wherein the device is further configured to: determine
quantization error values for the quantized DRC gain values in comparison to the received DRC
gain values; and

when two neighboring quantized DRC gain values have the same gain value, place a
spline node at a location in the spline representation corresponding to the quantized DRC gain

value of the two neighboring quantized DRC gain values with the lowest quantization error.

24. The system of claim 23, wherein the device is further configured to: place a spline
node in the center of the spline representation with a gain value of a corresponding quantized
DRC gain value when after attempting to place spline nodes in the spline representation based
on 1) change in gain between neighboring quantized DRC gain values and 2) quantization error
values of two identical neighboring quantized DRC gain values no spline nodes have been

placed in the spline representation.

25. The system of claim 24, wherein the device is further configured to:

quantize the spline nodes placed in the time representation of the frame in terms of time
values and gain values; and

insert spline nodes in the spline representation of the frame to reduce approximation
errors when the quantization error is above a predefined error value for one or more quantized

DRC gain values with slopes above a predefined slope value.
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