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PLAYBACK ENHANCEMENT IN AUDIO SYSTEMS

BACKGROUND

Audio systems soretimes include one or more acoustic transducers {(e.g., drivers,
loudspeakers) to reproduce acoustic audio content from an audio signal. Audio content may be
intended to provide a particular acoustic experience for a consumer, such as aedio for a movie,
television, or garning soundtrack that may inclade dialogue, music, sound effects, etc., and may
be intended to be experienced in a controlled acoustic environment, such as a movie theatre, e.g.,
having high powered surround sound systems with high dynamic range and limited external noise
sources. When the same audio content is reproduced in a different environment, such as a home,
classroom, gymnasium, auditorium, etc., the acoustic experience may be significantly degraded.
In various environments, detailed sounds or voices may be lost, hard to hear, or difficult to
understand, due to extraneous noise in the environment, lower dynamic range of the sound
system, lower listening volumes, mixing of audio content to accommodate fewer audio channels,

and other factors.

SUMMARY

Aspects and examples are directed to systems and methods that adjust or modify a
selected portion of audio content to enhance the user experience of the selected portion with
respect to other portions of the audio content, and optionally with respect to further acoustic
signals, such as noise or reverberation, associated with the environment in which the user
consumnes the audio content.

According to one aspect, an audio system is provided that includes an input to receive
audio content, an output configured to be coupled to an acoustic driver through which to provide
an audio signal to the acoustic driver, the acoustic driver configured to provide program acoustic
signals to a listening environment, and a processor coupled to the input and to the output and
configured to select a portion of the audio content to be enhanced relative to other portions of the
audio content, to calculate an intelligibility metric of the selected portion, to deterruine a gain
based at least in part upon the intelligibility metric, to apply the gain to the selected portion to
provide an enhanced portion, and to provide the audio signal to the output based at least in part

upon the enhanced portion.
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In some examples, the processor is further configured to select the portion of the audio
content as a dialogue portion and to calculate the intelligibility metric as a speech intelligibility
metric of the selected dialogue portion relative to the other portions of the andio content. In
certain examples, the processor may be further configured to select the portion of the audio
coutent as a dialogue portion based upon at least one of a center channel of the audio content and
a correlated portion of a left and right channel of the audio content.

In various examples, the processor is further configured to calculate a reference
intelligibility metric based at lgast in part upon the audio content and a reference environment,
and to determine the gain based at least in part upon a comparison of the intelligibility metric to
the reference intelligibility metric.

Certain examples include one or more microphones to detect environmental acoustic
signals in the listening environment and to provide an environmental noise signal, the processor
being further configured to calculate the intelligibility metric of the selected portion relative to a
combination of the other portions and the environmental noise signal. Some examples may also
include an echo canceller coupled to the one or more microphones to reduce the program acoustic
signals from the one or more microphones to provide the environmental noise signal.

According to some examples, the processor is further configured to calculate an enhanced
intelligibility metric of the enhanced portion relative to the other portions of the audio content
and to determine the gain based at least in part upon the intelligibility metric and the enhanced
intelligibility metric.

According to another aspect, a method is provided for enhancing audio content in an
audio sound system having an input to receive andio content and an output to provide an audio
signal to an acoustic transducer. The method includes selecting a portion of the andio content to
be enhanced, calculating an intelligibility metric of the selected portion relative to other portions
of the audio content, determining a gain based at least in part upon the intelligibility metric,
applying the gain to the selected portion to provide an enhanced portion, and providing the audio
signal to the output based at least in part upon the enhanced portion.

In some examples, selecting a portion of the audio content comprises selecting a dialogue
portion. The dialogue portion may be derived from at least one of a center channel of the audio
content and a correlated portion of a left and right channel of the audio content in certain

examples.
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Certain examples include calculating a reference intelligibility metric based at least in
part upon the andio content and a reference environment, and to determine the gain based at least
in part upon a comparison of the intelligibility metric to the reference intelligibility metric.

Various examples include detecting an environmental noise signal and calculating the
intelligibility metric of the selected portion relative to a combination of the other portions and
the environmental noise signal. Some examples may include reducing an echo component of the
environmental notse signal, the echo component correlated to the audio content.

Some examples include calculating an enhanced intelligibility metric of the enhanced
portion relative to the other portions, wherein determining the gain based at least in part upon the
intelligibility metric includes determining the gain based at least in part upon the enhanced
intelligibility metric.

According to another aspect, an audio sound system is provided that includes at least one
acoustic transducer, an input to receive a selected signal of a program content signal, an input to
receive other portions of the program content signal, an input to receive an environmental noise
signal, and a processor configured to calculate an intelligibility metric of the selected signal
relative to a combination of the other portions and the environmental noise signal, to determine
a gain based at least in part upon the intelligibility metric, to apply the gain to the selected signal
to provide an enhanced signal, and to provide the enhanced signal and the other portions to the
at least one acoustic transducer.

Certain examples include one or more microphones to provide the environmental noise
signal.

In some examples, the processor is further configured to provide a dialogue signal as the
selected signal. The processor may be configured to provide the dialogue signal based vpon at
least one of a center channel of the program content signal and a correlated portion of a left and
right channel of the program content signal, in certain examples.

In various exarnples, the processor may be further configured to calculate a reference
intelligibility metric based at least in part upon the selected signal, the other portions, and a
reference noise signal, and to determine the gain based at least in part upon a comparison of the

intelligibility metric to the reference intelligibility metric.
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In various examples, the processor may be further configured to calculate an enhanced
intelligibility metric of the enhanced signal relative to the other portions, and to determine the
gain based at least in part upon the intelligibility metric and the enhanced intelligibility metric.

Still other aspects, examples, and advantages of these exemplary aspects and examples
are discussed in detail below. Examples disclosed herein may be combined with other examples
in any manner consistent with at least one of the principles disclosed herein, and references to

EAEETY

“an example,” “some examples,” “an alternate example,” “various examples,” “one example” or
the like are not necessarily mutually exclusive and are intended to indicate that a particular
feature, structure, or characteristic described may be included in at least one example. The

appearances of such terms herein are not necessarily all referring to the same example.

BRIEF DESCRIPTION OF THE DRAWINGS

Vartous aspects of at least one example are discussed below with reference to the
accompanying figures, which are not intended to be drawn to scale. The figures are included to
provide illustration and a further understanding of the various aspects and examples, and are
incorporated in and constitute a part of this specification, but are not intended as a definition of
the limits of the inventions. In the figures, identical or nearly identical components iilustrated in
various figures may be represented by a like numeral. For purposes of clarity, not every
component may be labeled in every figure. In the figures:

FIG. 1 is a signal flow and block diagram of an example audio system;

FIG. 2 is a signal flow and block diagram of a further example audio systern;

FIG. 3 is a signal flow and block diagrar of a further example audio system; and

FIG. 4 is a signal flow and block diagram of a further example audio systern.

DETAILED DESCRIPTION
Aspects of the present disclosure are directed to andio systems and methods that enhance
selected portions of andio content to improve user experience. For example, speech intelligibility
may be enhanced by selecting and applying a gain fo a speech portion of audio content (e.g.,
refative to sound effects, music, and soands 1n the enviromment). In other examples, detail soands,

such as whispers or low sound effects, that may otherwise be lost among louder sounds, sounds
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having higher dynaric range, or room noise, may be enhanced by selecting and applying a gain
to a selected portion of the asdio content that includes the detail sounds.
Examples disclosed herein may be combined with other examples in any manner

consistent with at least one of the principles disclosed herein, and references to “an example,”

AR

1

“sorue examples,” “an alternate example,” “various examples,” “one example” or the like are not
necessarily mutnally exclasive and are intended to indicate that a particular feature, structure, or
characteristic described may be included in at least one example. The appearances of such terms
herein are not necessarily all referring to the same example.

It is to be appreciated that examples of the methods and apparatuses discussed herein are
not limited in application to the details of construction and the arrangement of components set
forth in the following description or illustrated in the accompanying drawings. The methods and
apparatuses are capable of implementation in other examples and of being practiced or of being
carried out in various ways. Examples of specific implementations are provided herein for
illustrative purposes only and are not intended to be limiting. Also, the phraseology and

terminology used herein is for the purpose of description and should not be regarded as limiting.

5 El

The use herein of “including,” “comprising,” “having,” “containing,” “involving,” and
variations thereof is meant to encompass the items listed thereafter and equivalents thereof as
well as additional items. References to “or” may be construed as inclusive so that any terms
described using “or’” may indicate any of a single, more than one, and all of the described terms.
Any references to front and back, right and left, top and bottom, upper and lower, and vertical
and horizontal are intended for convenience of description, not to limit the present systems and
methods or their coroponents to any one positional or spatial orientation.

FIG. 1 illustrates an exarople audio system 100. The audio system 100 includes an audio
input 110 to receive audio content, which may be in various forms. The andio input 110 may
separate the audio content into a selected portion 120 and other portion(s) 130, by various means,
or the audio content may be pre-arranged or already separated into a selected portion 120 and
other portion(s) 130. In various examples, the selected portion 120 is selected to be enhanced
relative to the other portion 130, or in some examples, relative to a room or environmental
background noise, e.g., represented by a noise signal energy 192, which may be estimated based

upon an expected noise level and/or roay be informed by other inputs or sensors, such as a
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microphone as discussed in greater detail below, or relative to a combination of the other portion
130 and the noise signal energy 192.

The audio system 100 enhances the selected portion {20 by, e.g., applying a gain 140, to
provide an enhanced portion 130. In some exaruples, various values of the gain 140 may be
selected for various frequency bands, or frequency bins. The gain 140 may include an
equalization component. In some examples, the audio system 100 may enhance the selected
portion 120 or apply the gain 140 in various ways, such as by countrolling an amount of
compression of a dynamic range compressor, for example. In various examples, the other portion
130 of the audio content is not enhanced, but passes through and may, in some examples, be
combined with the enhanced portion 150 to provide audic content similar to that received at the
audio input 110, except that the selected portion 120 is enhanced (e.g., enhanced portion 150}
relative o the other portion 130.

In various examples, the selected portion 120 may include speech portions of the audio
content, and the gain 140 is applied such that a speech intelligibility of the audic content is
increased. For example, an output audio content that includes the enhanced portion 150 and the
other portion |30 may have increased speech intelligibility relative to the received audio content.
In various examples, the selected portion 120 may represent dialogue or speech portions, subtle
{e.g., low volume) sound effects or whispers, announcement messages from a combination audio
system (e.g., a virtual personal assistant, doorbell, etc., mixed with other audio content), rear
surround or height channel audio content {e.g., playback at low volume settings may be difficult
to hear, gain enhancement applied to these channels may improve surround immersion at low
listening levels), etc. Any of numerons descriptions for a selected portion 120 may be the bases
for enhancernent

Additionally, any of numerous methods of identifying components of the audio content
as the selected portion 120 may be utilized in varions examples of an audio system 100, For
instance, an object-based audio stream (e.g., Dolby Atmos™, DTS-X, MPEG-H, etc.) may
identify one or more strearns or channels as being dialogue, announcement audio, etc. Farther
examples may include selecting a particular channel or a correlated portion of multiple channels,
e.g., of a stereo pair or any of vumerous multi-chanuel (e.g., surround) audio content. For
instance, dialogue may be substantially present in a center channel, and the center chanuel may

be selected as the selected portion 120. In other examples, dialogue may be substantially equally
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present in each of a lett and right channel, and correlated components of the left and right channel
may be selected as the selected portion 120. In further examples, correlated componeuts of left,
right, and center channels may be the selected portion 120, or a selected portion 120 may be any
combination of correlated channel content and/or individual channels, to accommodate varying
system requirements or applications. In some examples, rear channel audio content may be
selected for enhancement. For example, when listening at low volumes, a rear channel audio
coutent may benefit from enbanceruent {e.g., by applied gain 140) to improve the sound field and
surround sound experience.

In some examples, the selected portion 120 may be selected and/or limited to a relevant
frequency content or frequency band, such as a speech or vocal frequency band, for example
from 200 Hz to 3.4 kHz. In some examples, a selected portion 120 may be a frequency band of
50 to 12,000 Hz. Other examples may be 100 to 8,000 Hz, or 200 to 4,000 Hz.

With further reference to FIG. 1, in various exampies, a gain calculator 160 may calculate,
select, or otherwise determine a value of gain 140 to be applied to the selected portion 120. The
determination of a gain value, by the gain calculator 160, may be based upon an original metric
170 that represents a characteristic of the audio content as received at the audio input, e.g., prior
to enhancement of the selected portion 120. For instance, in examples of the andio system 100
for which the selected portion 120 is substantially dialogue content, the original metric 170 may
be a speech intelligibility metric. In such examples, the other portion 130 may include
substantially non-dialogue content. At least one example of a speech intelligibility metric that
may be included as the original metric 170 is a speech transmission index (ST1), such as the
International  Electrotechnical Commission (IEC) standard 60268-16. The IEC 60286-16
standard defines an STI that is a quantitative metric based upon empirical speech intelligibility
studies and provides a good balance of accuracy and real-timne computability. Tn other examples
to enhance dialogue, various other speech intelligibility metrics may be substituted.

In various examples, the gain calculator 160 may determine a gain 140 intended to
improve upon the original metric 170, e.g., by a certain amount and/or to reach a certain target.
Accordingly, in various examples, the gain calculator 160 may incorporate a target metric. A
target wetric may be a certain metric value, or may be an amount of improvement (o the metric,
or may take other forms. In various examples, a target retric may be a default target, may be

user-configurable and/or adjustable, may be a calculated target, and/or may be based upon further

7



ig

[\-
b

WO 2020/037049 PCT/US2019/046511

inputs, such as a reference metric for a reference environment, as described in more detail below.
In various examples, a reference or calculated target wetric may be based upoun various quantities
such as frequency distribution, spectrum, or other characteristics of any of the selected portion
120, the other portion 130, noise in the listening environment, acoustic properties of a reference
environment, and/or other quantities or values, and may include reference to a lookup table or
other stored values, to determine a target roetric.

In various examples, the original metric 170 may be calculated from the signal energy
content in each of the selected portion 120 and the other portion 130. Accordingly, in some
examples, selected signal energy 180 and other signal energy 190 may be calculated and provided
as inputs for the original metric 170. In various examples, the original metric 170 may depend
upon signal energies by frequency sub-band of the various audio content, thus the selected signal
energy 180 and the other signal energy 190 may be calculated and provided on a sub-band basis.
For example, the IEC 60268-16 standard provides a scalar value that represents the level of
dialogue intelligibility based on the signal to noise ratios (ratios of selected portion 120 to other
portion 130) analyzed across multiple frequency bands.

In various examples, the selected signal energy 180 and the other signal energy 190 may
be calculated from the total energy (by sub-band) of their respective signals, or in various
examples may be scaled by a playback sensitivity, which may include such factors as volume
setting, downstream processing, equalization, effects of various electronics and acoustics and/or
acousto-mechanical effects, and/or room characteristics. Such scaling by playback sensitivity
may be frequency dependent. In some examples, room characteristics may include room
reverberation, which may be a measured or otherwise detected characteristic, or may incorporate
or assume a typical room or home reverberation characteristic. In various exaraples, some of the
preceding characteristics may be accounted for in the calculation of the original metric 170 or by
the gain calculator 160,

In various examples, the original metric 170 and/or the gain calculator 160 may also
incorporate further effects of human hearing and/or acoustic interpretation or experience, e.g.,
psychoacoustic effects such as human hearing thresholds, masking, and the like.

Various examples of systems and methods in accord with those described herein may
include one or more acoustic drivers for the production of acoustic signals from one or more

playback sigunals. For example, the audio system 100 may include one or more loudspeakers. The
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audio system 100 may enhance the selected portion 120 and provide the enhanced portion 150
and the other portion 130 to the one or more loudspeakers for playback as acoustic signals.
Further, various amplification, egualization, and other components of a complete audio system
are not shown in the vartous figures. Various examples of such audio systems include, but are
not limited to, a home media system, a soundbar system, a portable speaker, a headphone or
headset system, an automotive audio system, a speakerphone system, ete. Examples of audio
inputs 110 to receive audio content from an audio source may include a wired connection, e.g.,
optical, coaxial, Ethernet, or a wireless connection, e.g., Bluetooth™, wireless LAN, using any
of various protocols and/or signal formats. Audio content may be received in any of these or any
of various formats or combinations. Such audio sources may include a television, a video player,
a gaming system, a smartphone, a file server, or the like.

In various examples, a user may listen to audio content in a noisy environment.
Environmental acoustic sources such as fans, HVAC systems, refrigerant {e.g., refrigerator)
pumps, or various other machinery, equipment, engine, wind noise, road noise, and the like, may
degrade the user’s acoustic experience while listening to various audio content. Accordingly,
various audio systems in accord with those disclosed herein may incorporate microphones to
sense the acoustic environment and may incorporate acoustic information about the environment
for enhancement of the selected portion 120.

FiG. 2 illustrates a further example of an audio system 200 that incorporates detection of
the acoustic environment in which the audio system 200 is used. The audio system 200 is similar
to the audio system 100 and further includes a microphone 230 to detect acoustics in the
room/environmment. In various examples, the microphone 230 may he of any type suitable to
detect acoustic signals and convert them into signal formats useful to the audio system 200. Tn
various examples, the microphone 230 may be multiple microphones whose signals may be
analyzed individually or in combination and may in certain examples form an armray of
microphones. In various examples, the microphone 230 may pick up acoustic signals produced
by the andio systern 200 (e.g., by one or more loudspeakers, not shown), and an echo canceler
240 may be mcluded to remove or reduce echo component(s) in the signal(s) provided by the
microphone 230. In various examples, the microphone 230 may be located with or incorporated
into a form factor along with the other components shown or may be remote. For example, the

microphone 230 may be incorporated into a sound bar, portable speaker, headphones, ete., and/or
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may he incorporated into a remote component, such as a puck form factor, or may exist within
another device, such as incorporated with a headphone or on a smartphone, and may provide
ruicrophone signals to the remainder of the audio system 200 via a wired or wireless connection.

The microphone 230, optionally provided with the echo canceler 240, may therefore
provide a signal indicative of the noise in the listeming environmeunt. Accordingly, the noise signal
energy 192 mway be calculated based upon the microphoune 230. The original metric 170 of the
audio system 200 determines a similar metric as that in the audio system 100, based upon the
selected signal energy 180 with respect to a combination of the other signal energy 190 and the
noise signal energy 192, e.g., thereby accounting for the acoustic noise in the listening
environment. In certain examples, the original metric 170 may add the other signal energy 190
and the noise signal energy 192 {on a per sub-band basis in some examples) and provide a metric
based on the combination. In at least one example, the original metric 170 may be a speech
intelligibility metric based upon the selected signal energy 180 (representative of dialogue)
relative to all other content {e.g., the other signal energy 190 and the noise signal energy 192).

In some instances, the selected portion 120 may include all audio content received at the
audio input 110, to apply the gain 140 to the entire signal, to enhance the entire audio content
relative to the noise signal energy 192.

FIG. 3 illustrates a further example of an audio system 300, which is similar to the audio
systems 100, 200 and incorporates a target metric based upon a reference environment. For
example, various audio systems in accord with those described herein may enhance the selected
portion 120 to improve intelligibility of dialogue, as described above. In some examples, the
audio systern 300 may enhance selected portion 120 to achieve a target intelligibility with respect
to an intelligibility that might exist in a native environmment for the audio content received (e.g.,
at the andio input 110). For instance, received audio content may represent an audio portion of a
movie, and the movie may be primnarily intended to be consumed in a theatre. The andio systern
300 may establish a target intelligibility for a user in a home environment to substantially match
the intelligibility that would exist in a movie theatre. Accordingly, the andio system 300 may
calculate a reference metric 370 based upoun the audio content (represented by the selected signal
energy 180 and the other signal emergy 190) and a reference noise signal energy 390. The
reference noise signal energy 390 represents and may be based upon expected acoustic

characteristics in a reference environment, represented as reference noise 330 1o FIG. 3. For
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example, a reference environment might include certain noise sources and acoustic
characteristics that may be different than those in a home living room, classroom, gyrouasium,
ete., and such characteristics may be modeled and provided to determine the reference noise
signal energy 390. Various characteristics of the reference environment might inclade acoustic
aspects {e.g., reverb, frequency response, etc.), noise sources, audio equipment, etc. of the
reference environment.

In some examples, the reference metric 370 may be a dialogue intelligibility metric, and
the selected portion 120 may substantially represent dialogue while the other portion 130 may
substantially represent non-dialogue. The reference metric 370, in such examples, may represent
an intelligibility that would exist if the audio content were being reproduced in the reference
environment. In various examples, the reference metric 370 may be other types of metrics. For
example, the selected portion 120, in some examples, may include detail content (e.g., whispers,
quiet sound effects, rear channels played at low volume, etc.), the original metric 170 may
gquantify human perception of the detail content, and the reference metric 370 may quantify
human perception of the detail content as would be perceived in the reference environment.
Accordingly, the reference metric 370 may be provided as a target metric to the gain calculator
160, to determine an amount of gain 140 to be applied to the selected portion 120 to provide the
enhanced portion 150, such that the enhanced portion 150 in combination with the other portion
130 may achieve a similar experience (e.g., with respect to the metric applied) as would occur in
the reference environment.

While the audio system 300 incorporates a microphone 230 and determines an original
metric 170 based upon the audio content(s) and the noise signal energy 192 in the actual listening
environment, other examples may optionally exclude the microphone 230 and related
components. For instance, various audio systems in accord with those herein may incorporate a
target metric based upon a reference environment (e.g., a reference metric 370), without
incorporating a microphone 230 and/or regardless of the actual acoustic environment, similar the
audio system 100, that may determine an original roetric 170 without the notse signal energy 192.

Each of the audio systems 100, 200, and 300 described above deterruine a gain 140 to be
applied to a selected portion 120 to provide an enhanced portion 150, based upon at least one

metric. Further examples may incorporate additional feedback to measure, detect, or determine
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whether the applied gain 140 is successful at achieving a desired enhancement, e.g., with respect
to the type of metric applied.

FIG. 4 iHustrates 2 further example of an audio systern 400, which is similar to the audio
systems 100, 200, 300 and incorporates a feedback mechanism 460 to determine an enhanced
metric 470, which is an estimated or actual metric value representative of the improvement
achieved by, e.g., the applied gain 140 (e.g., in terms of the metric used for the original metric
170). In various examples, the feedback mechanism 460 may apply a comparable enhancement
{(e.g., the gain 140 from the gain calculator 160) to the selected signal energy 180 to provide a
measure of the enhanced signal energy 480. In various examples, the enhanced signal energy 480
may be determined by multiplying the selected signal energy 180 by the square of the gain 140.
In other examples, a signal energy of the enhanced portion 150 may be determined to provide an
enhanced signal energy. The enhanced signal energy 480 is used, along with the other signal
energy 190 and, optionally, the noise signal energy 192, to determine an enhanced metric 470.
The enhanced metric 470 is representative of the resulting metric (e.g., intelligibility, detail
enhancement, surround compensation, etc.) provided by the enhancement of the system {e.g., the
gain 140 applied to the selected portion 120). The enhanced metric 470 is provided to the gain
calculator 160, and used as a measure of whether the applied gain 140 achieves the desired result,
e.g., the target metric, which may be the reference metric 370 (as shown in FIG. 4), but may be
other target metrics in various examples. In some examples, the gain calculator 160 may compare
the enhanced metric 470 to the target metric (e.g., the reference metric 370) to determine whether
the enhanced metric 470 meets the target metric, or is within a threshold of the target metric, or
exceeds the target metric, etc. The gain calculator 160 may, as a result, adjust the value of gain
140 applied to the selected portion 120.

Various exaraples of audio systems in accord with those described herein may incorporate
various cornbinations of the compounents described and shown in the figures. For example, the
audio systern 100 of FIG. 1 illustrates a first example of an enhancement andio system. The audio
system 200 of FIG. 2 illustrates one example of an additional capability to detect and incorporate
knowledge of the acoustics of the histening environment. The audio system 300 of FIG. 3
illustrates one example of an additional capability to establish a target metric (for enhancement)
based upon a reference environment, e.g., where the audio content is originally intended to be

consumed. The audio systemn 400 of FIG. 4 llustrates one example of an additional capability to
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measure an achieved enhancement, as additional feedback to the audio system, upon which to
base further adjustment to the applied enhancement. In various audio systems in accord with
those described herein may incorporate any one of the ifhustrated additional capabilities without
incorporating others or may incorporate different cornbinations of the illustrated capabilities.

Varjous components described and shown iun the figures are not necessarily distinet
physical components. The figures illustrate functional block diagrams that may be representative
of functions performed by a processor, such as by a digital signal processor, which may include
various instructions stored in a memory for performing such processes. Further, the figures
illustrate signal flow diagrams that provide examples of various signals being processed in
various ways. Various of the signal processing may be performed in differing orders and/or
different arrangements that those shown, across various audio systems in accord with those
described.

In various examples, the various processing may be performed by a single processor or
controller, or various processing functions may be distributed across numerous processors or
controller. No particular division of processing functionality across hardware processing
platforms is intended to be implied by the figures.

It should be understood that many of the functions, methods, and/or components of the
systems disclosed herein according to various aspects and examples may be implemented or
carried out in a digital signal processor and/or other circuitry, analog or digital, suitable for
performing signal processing and other functions in accord with the aspects and examples
disclosed herein. Additionally or alternatively, a microprocessor, a logic controller, logic circuits,
field prograromable gate array(s), application-specific integrated circuit(s), general computing
processor(s), micro-controller(s}, and the like, or any combination of these, may be suitable, and
may include analog or digital circuit components and/or other components with respect to any
particular imoplerentation

Functions and components disclosed herein may operate in the digital domain, the analog
domain, or a combination of the two, and certain examples include analog-to-digital converter(s)
(ADC) and/or digital-to-analog converter(s) (DAC) where appropriate, despite the lack of
Hustration of ADC’s or DAC’s in the various figures. Further, functions and components
disclosed herein may operate in a time domain, a frequency domain, or a combination of the two,

and certain examples include various forms of Fourier or similar analysis, synthesis, and/or
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transforms to accommodate processing in the various domains. Further, processing may occur
on a limited bandwidth (e.g., voice/speech frequency range) and/or may operate on a per sub-
band basis.

Any suitable hardware and/or software, including firmware and the like, may be
coufigured to carry out or imnplerment components of the aspects and examples disclosed herein,
and varous 1mplementations of aspects and examples may inclede components and/or
functionality in addition to those disclosed. Various implementations may include stored
instructions for a digital signal processor and/or other circuitry to enable the circuitry, at least in
part, to perform the functions described herein.

it should be understood that an acoustic transducer, microphone, driver, or ioudspeaker,
may be any of many types of transducers known in the art. For example, an acoustic structure
coupled to a coil positioned in a magnetic field, to cause electrical signals in response to motion,
or to cause motion in response to electrical signals, may be a suitable acoustic transducer.
Additionally, a piezoelectric material may respond in manners to convert acoustical signals to
electrical signals, and the reverse, and may be a suitable acoustic transducer. Further, micro-
electrical mechanical systems may be employed as, or be a component for, a suitable acoustic
transducer. Any of these or other forms of acoustic transducers may be suitable and included in
various examples.

Having described above several aspects of at least one example, it is to be appreciated
various alterations, modifications, and improvements will readily occur to those skilled in the art.
Such alterations, modifications, and improvements are intended to be part of this disclosure and
are intended to be within the scope of the invention. Accordingly, the foregoing description and
drawings are by way of exarople only, and the scope of the invention should be determined from
proper construction of the appended clairos, and their equivalents.

What 15 claimed 1s:

14
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CLAIMS

i An audio sound system, comprising:

an input to receive audio content;

an output configured to provide an audio signal for conversion to acoustic signals in a
listening environment; and

a processor coupled to the input and to the output and counfigured to select a portion of
the audio content to be enhanced relative to other portions of the audio content, to calculate an
intelligibility metric of the selected portion, to determine a gain based at least in part upon the
intelligibility metric, to apply the gain to the selected portion to provide an enhanced portion,

and to provide the audio signal to the output based at least in part upon the enhanced portion.

2. The audio sound system of claim | wherein the processor is further configured to select
the portion of the audio content as a dialogue portion and to calculate the intelligibility metric
as a speech intelligibility metric of the selected dialogue portion relative to the other portions of

the audio content.

3. The audio sound system of claim 2 wherein the processor is further configured to select
the portion of the audio content as a dialogue portion based upon at least one of a center
channel of the audio content and a correlated portion of a left and right channel of the audio

content.

4. The andio sound systern of claim | wherein the processor is further configured to
calculate a reference intelligibility metric based at least in part upon the audio content and a
reference environment, and to determine the gain based at least in part upon a comparison of

the 1ntelligibility metric to the reference intelligibility metric.

5. The audio sound system of claim | further comprising one or more microphones to
detect environruental acoustic signals 1o the histening environment and to provide an

environmental noise signal, the processor being further configured to calculate the intelligibility
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metric of the selected portion relative to a combination of the other portions and the

environmental noise signal.

6. The aadio sound system of claim 5 further coruprising an echo canceller coupled to the
one or more microphones to reduce the program acoustic signals {rom the one or more

microphones to provide the environmental noise signal.

7. The audio sound system of claim | wherein the processor is further configured to
calculate an enhanced intelligibility metric of the enhanced portion relative to the other portions
of the audio content and to determine the gain based at least in part upon the intelligibility

metric and the enhanced intelligibility metric.

8. A method of enhancing audio content in an audio sound system having an input to
receive audio content and an output to provide an audio signal to an acoustic transducer, the
method comprising:

selecting a portion of the audio content to be enhanced;

calculating an intelligibility metric of the selected portion relative to other portions of
the audio content;

determining a gain based at least in part upon the intelligibility metric;

applying the gain to the selected portion to provide an enhanced portion; and

providing the audio signal to the output based at least in part upon the enhanced portion.

9. The method of claim 8 wherein selecting a portion of the andio content comprises

selecting a dialogue portion.

0. The method of claim 9 wherein the dialogue portion is derived from at least one of a
center channel of the audio content and a correlated portion of a left and right chanuoel of the

audio content.

. The method of claim & further comprising calculating a reference intelligibility metric
based at least in part upon the audio content and a reference environment, and (o determine the

16
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gain based at least in part upon a comparison of the intelligibility metric to the reference

intelligibility metric.

12. The method of claim 8 further comprising detecting an environruental noise signal, and
calculating the intelligibility metric of the selected portion relative to a combination of the other

portions and the environmental noise signal.

13. The method of claim 12 further comprising reducing an echo component of the

environmental noise signal, the echo component correlated to the audio content.

4. The method of claim & further comprising calculating an enhanced intelligibility metric
of the enhanced portion relative to the other portions, and determining the gain based at least in
part upon the intelligibility metric includes determining the gain based at least in part upon the

enhanced intelligibility metric.

15. An audio sound system, comprising:

at least one acoustic transducer;

an input to receive a selected signal of a program content signal;

an input to receive other portions of the program content signal;

an input to receive an environmental noise signal; and

a processor configured to calculate an inteligibility metric of the selected signal relative
to a combination of the other portions and the environmental noise signal, to determine a gain
based at least in part upon the intelligibility metric, to apply the gain to the selected signal to
provide an enhanced signal, and to provide the enhanced signal and the other portions to the at

least one acoustic transducer.

16. The andio sound systern of claim 15 farther corprising one or more microphones (o

provide the environmental noise signal.

17 The audio sound system of claim 15 wherein the processor is further configured to
provide a dialogue signal as the selected signal.

17
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18, The audio sound system of claim 17 wherein the processor is further configured to
provide the dialogue signal based upon at least one of a center channel of the program content

signal and a correlated portion of a left and right channel of the program content signal.

19. The audio sound system of claim 15 wherein the processor is further configured to
calculate a reference intelligibility metric based at least in part upon the selected signal, the
other portions, and a reference noise signal, and to determine the gain based at least in part

upon a comparison of the intelligibility metric to the reference intelligibility metric.

20. The audio sound system of claim 15 wherein the processor is further configured to
calculate an enhanced intelligibility metric of the enhanced signal relative to the other portions
and to determine the gain based at least in part upon the intelligibility metric and the enhanced

intelligibility metric.

18
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