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CALIBRATION OF ACOUSTIC ECHO
CANCELATION FOR MULTI-CHANNEL
SOUND IN DYNAMIC ACOUSTIC
ENVIRONMENTS

BACKGROUND

[0001] Multi-channel sound (MCS), such as stereo sound,
surround sound, 3D sound, various polyphonic (e.g., octo-
phonic) sound arrangements, ambiosonics, ambiophonics,
etc., refers to any of various techniques for enriching sound
reproduction quality of an audio source using multiple
discrete audio channels routed to an array of loudspeakers
operating in a coordinated fashion to encompass one or more
listeners with differentiated sound signals from multiple
directions. In the context of MCS systems, “echo” results
from any condition by which a specific sound emitting from
different loudspeakers travels different paths and reaches a
listener at different times, thereby creating a duplicative,
repeating, or “fuzzy” sound effect. For a multi-loudspeaker
system, each loudspeaker can effectively contribute to echo
effect because the sound produced by each loudspeaker will,
to some extent, travel a unique acoustic path before reaching
the ear of the listener.

[0002] To compensate for the echo effect, an MCS system
may actively learn the acoustic paths from each of the
loudspeakers with respect to a specific target listening loca-
tion found within the acoustic environment. This active
approach may comprise a calibration mode that produces
one or more test sounds at each loudspeaker individually,
measures these sounds using one or more microphones, and
determines the learned acoustic path for each such loud-
speaker with respect to the target listening location. How-
ever, a shortcoming of this approach is that the “calibration”
performed by the MCS system is most applicable only to the
specific characteristics of the acoustic environment at the
time the calibration is performed, and thus works well for
static (i.e., non-changing) acoustic environments. For acous-
tic environments with dynamic (i.e., changing) characteris-
tics, the calibration may not be helpful and, in certain
instances, may even contribute to (instead of diminish) echo
effects.

SUMMARY

[0003] Various implementations disclosed herein are
directed to calibrating acoustic echo cancelation in a multi-
channel sound system by determining a scene from an
acoustic environment, identifying a predetermined scene
from among a plurality of predetermined scenes that best
matches the scene, wherein each predetermined scene from
among the plurality of predetermined scenes corresponds to
a pre-tuned filter configuration, and calibrating the multi-
channel sound system using the pre-tuned filter configura-
tion corresponding to the identified predetermined scene.

[0004] Several implementations feature detecting a
change to the acoustic environment, wherein for certain
implementations the change is quantified and determined to
meet a threshold as a condition for calibrating the multi-
channel sound system. For some implementations, deter-
mining the scene from the acoustic environment is respon-
sive to detecting the change to the acoustic environment,
while for other implementations detecting the change to the
acoustic environment is based on the scene determined from
the acoustic environment. For select implementations, the
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predetermined scene that best matches the scene may also be
quantified based on the closeness of the match to determine
whether the closeness of the match meets a minimum
threshold as a condition for calibrating the multi-channel
sound system.

[0005] The various implementations disclosed herein may
be used in a variety of acoustic environments including but
not limited to a room or an interior of a vehicle. Moreover,
for certain implementations, the plurality of predetermined
scenes may be stored locally or stored remotely and acces-
sible via a communications connection. Determining a scene
may be performed by a camera-based sensor, and/or per-
formed by a borrowed sensor.

[0006] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing summary, as well as the following
detailed description of illustrative embodiments, is better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the embodiments,
there are shown in the drawings example constructions of
the embodiments; however, the embodiments are not limited
to the specific methods and instrumentalities disclosed. In
the drawings:

[0008] FIG. 1 is a block diagram illustrating an exemplary
multi-channel sound (MCS) system to which various imple-
mentations may be applied;

[0009] FIG. 2 is a block diagram illustrating the exem-
plary MCS system of FIG. 1 operating in an acoustic
environment to which various implementations may be
utilized.

[0010] FIG. 3A is a block diagram corresponding to the
acoustic environment of FIG. 2 where the configuration of
the acoustic environment has been changed;

[0011] FIG. 3B is a block diagram corresponding to the
acoustic environment of FIGS. 2 and 3 and further including
persons variously standing or sitting in the room as illus-
trated.

[0012] FIG. 4 is a block diagram of an alternative acoustic
environment corresponding to the interior of a vehicle for
which various implementations herein provided may be
utilized;

[0013] FIG. 5 is a process flow diagram illustrating an
exemplary method, representative of various implementa-
tions herein disclosed, for calibrating and/or recalibrating
acoustic echo cancelation for multi-channel sound in a
dynamic acoustic environment:

[0014] FIG. 6 is a process flow diagram illustrating an
alternative exemplary method for calibrating and/or recali-
brating acoustic echo cancelation for multi-channel sound in
a dynamic acoustic environment representative of several
implementations disclosed herein; and

[0015] FIG. 7 illustrates certain components that may be
included within an electronic device for implementing vari-
ous implementations disclosed herein.
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DETAILED DESCRIPTION

[0016] Multi-channel sound (MCS), such as stereo sound,
surround sound, 3D sound, various polyphonic (e.g., octo-
phonic) sound arrangements, ambiosonics, ambiophonics,
etc., refers to any of various techniques for enriching sound
reproduction quality of an audio source using multiple
discrete audio channels routed to an array of loudspeakers
operating in a coordinated fashion to encompass one or more
listeners with differentiated sound signals from multiple
directions. MCS is generally characterized by a target lis-
tening location (TLL) or “sweet spot” where the audio
effects are optimal and presents a fixed forward perspective
of the sound field to the listener at this location. MCS
techniques enhance the perception of sound spatialization by
exploiting sound localization with regard to the ability of a
listener to identity the location or origin of a detected sound
in terms of direction and distance. Various MCS formats and
techniques are available and vary in recording methods,
sound reproduction, and the number and positioning of the
multiple discrete audio channels.

[0017] FIG. 11is a block diagram illustrating an exemplary
MCS system 10 to which various implementations disclosed
herein may be applied. A plurality of loudspeakers 20a-20f
and a microphone 22 are operatively coupled to a processor
system 24. The microphone 22 may be positioned at the TLL
or “sweet spot” 22' for the MCS corresponding to where
listeners are expected to locate within the acoustic environ-
ment and for which the system is configured for optimum
performance of a listener in that location. As illustrated, the
loudspeakers 20a-20f are arranged to provide what is known
to skilled artisans as “5.1 Surround Sound,” although this is
just one example and the various implementations disclosed
herein are not limited to this configuration but, instead, may
encompass any of several different configurations compris-
ing the same or a different number of speakers without limit.
[0018] FIG. 2 is a block diagram illustrating the exem-
plary MCS system 10 of FIG. 1 operating in an acoustic
environment 100, in this instance a room, for which various
implementations disclosed herein may be utilized. In addi-
tion to the various components of the MCS system, the
acoustic environment 100 may also comprise walls 102, a
door 104, a window 106, chairs 108z and 10856, and a
display device 110, among other things, that impact the
acoustic characteristics of the acoustic environment and may
contribute to echo effects.

[0019] Inthe context of MCS systems, “echo” results from
any condition by which a sound emitting from different
loudspeakers travels different paths and reaches a listener at
different times, thereby creating a duplicative, repeating, or
“fuzzy” sound effect. For a multi-loudspeaker system, each
loudspeaker can contribute to echo effect because the sound
produced by each loudspeaker will, to some extent, travel a
different acoustic path before reaching the ear of the listener.
Moreover, for various MCS systems that might employ
multiple microphones (for any of a variety of purposes),
these various microphones may partially detect the sounds
produced by one or more loudspeakers and inadvertently
reproduce them at one or more loudspeakers in a manner that
further enhances the echo effect.

[0020] To compensate for the echo effect, an MCS system
may actively learn the acoustic paths from each of the
loudspeakers with respect to a specific target listening loca-
tion (e.g., the microphone 22 of FIG. 1) found within the
acoustic environment 100. This active approach may com-
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prise a calibration mode that produces one or more test
sounds at each loudspeaker (e.g., loudspeakers 20a-20f)
individually, measures these sounds using one or more
microphones (e.g., microphone 22), and determines the
learned acoustic path for each such loudspeaker with respect
to the target listening location. The MCS can then create a
mono-far-end reference signal by mixing the individual test
sound signals using the learned acoustic paths. This mono-
far-end reference signal can be used to cancel the echo by
appropriately modifying (delaying, quieting, etc.) the sound
signals produced by each loudspeaker using filters that are
“fixed” (i.e., pre-configured, hence “fixed filters™) to cancel
the echo.

[0021] However, one shortcoming of this approach is that
the “calibration” performed by the MCS system is most
applicable only to the specific characteristics of the acoustic
environment at the time the calibration is performed, and
thus works well for static (i.e., non-changing) acoustic
environments. In contrast, for acoustic environments with
dynamic (i.e., changing) characteristics the calibration may
not be helpful and, in certain instances, may even contribute
to (instead of diminish) echo effects.

[0022] Many acoustic environments are not fixed or static
but instead are dynamic where the acoustics of the environ-
ment are constantly changing. For example, for certain
dynamic acoustic environments, such as a room, an interior
or cabin of a vehicle (e.g., an automobile), or other defined
space, the acoustics may change when persons enter, leave,
or move about the environment, as well as when windows or
doors are opened or closed, furniture is moved or rear-
ranged, etc. Opening a door, for example, can greatly impact
the acoustics of a room by introducing an acoustic surface of
infinite absorption (where sound waves cease to reflect over
the surface of the door) into the acoustic environment, as
well as introduce secondary effects from the space beyond
the open door.

[0023] FIG. 3A is a block diagram corresponding to the
acoustic environment 100 of FIG. 2 but wherein the con-
figuration of the acoustic has been changed. Specifically, in
the Figure, the chairs 108a¢ and 1085 have been moved,
chairs 108¢-108d have been added, and the door 104 and the
window 106 have been opened. The acoustic environment
100 also includes a digital camera 150 that may be used as
a sensor to detect and identify changes in the acoustic
environment 100. Accordingly, the acoustic characteristics
of the acoustic environment illustrated in FIG. 3A are
changed and now different from the acoustic characteristics
of the acoustic environment illustrated in FIG. 2.

[0024] FIG. 3B is a block diagram corresponding to the
acoustic environment 100 of FIGS. 2 and 3A and further
including persons 130a-130¢ variously standing, sitting in
chairs, or even sitting on the floor. The acoustic environment
100 also includes digital camera 150 that may be used as a
sensor to detect and identify changes in the acoustic envi-
ronment 100. Accordingly, the acoustic characteristics of the
acoustic environment illustrated in FIG. 3B is changed and
now different from the acoustic characteristics of the acous-
tic environment as illustrated in FIG. 2 and FIG. 3A because
of the addition of new acoustic surface (i.e., the persons
130a-130¢) and because the TLL “sweet spot” might no
longer exist (as shown) or may have changed based on
where the persons 130a-130¢ are individually and collec-
tively located within the acoustic environment.



US 2016/0309275 Al

[0025] FIG. 4 is a block diagram of an alternative acoustic
environment 100" corresponding to the interior of a vehicle
for which various implementations herein provided may be
utilized. In FIG. 4, a plurality of loudspeakers 204a-204/ for
providing sound signals and a plurality of microphones
202a-202g for capturing sound signals are incorporated in
the MCS system, although this is exemplary only and
various other configurations are also contemplated. Several
passengers 112a-112d occupy a subset of the plurality of
seats 224a-224g arranged in three rows 226a-226¢. The
interior of the vehicle may be further augmented with a
digital camera 150", similar to the digital camera 150 illus-
trated in FIGS. 3A and 3B, for example, and may be used as
a sensor to detect and identify changes in the acoustic
environment 100'. The acoustic environment 100' for an
interior of a vehicle may be more static than the acoustic
environment 100 for a room of FIGS. 2, 3A, and 3B, where
the changes to the acoustic environment may be largely
based on the number of passengers and the specific seats
those passengers occupy.

[0026] Regardless of the type of acoustic environments,
however, as an acoustic environment changes, the fixed
filters derived during the calibration operation are unable to
achieve optimal performance and instead the result is
degraded sound quality within the acoustic environment,
i.e., sound-based presentations such as music, movie audio,
and other audio playback sources can be negatively
impacted.

[0027] Accordingly, a dynamic acoustic environment
would benefit from a more dynamic form of echo cancel-
ation in order to compensate for changing echo effects. To
this end, various implementations disclosed herein are
directed to calibrating echo cancelation in response to a
change in the acoustic environment.

[0028] As will be appreciated by skilled artisans, dynamic
acoustic echo cancelation (AEC) may be achieved in single-
channel implementations (featuring a single acoustic source)
using adaptive filters. One approach for this type of adaptive
filtering is to capture a corrupted sound signal (i.e., a sound
signal comprising an echo) as the primary input and subtract
from it the corresponding uncorrupted sound signal (i.e.,
having no echo) captured as a reference input (and usually
captured at the source of the sound signal). The resulting
difference is the echo component by which the filter is then
adapted real-time for the purpose of subtracting this echo
component from the primary input to generate a corrected
output.

[0029] However, adaptive filters do not operate well when
multiple acoustic sources are present because multiple
acoustic sources result in multiple reference inputs which
are difficult to synthesize real-time into the difference that is
subtracted from the primary signal by the adaptive filter.
Moreover, this difficulty can be exacerbated by the adaptive
filtering being performed for each speaker effectively
becoming an updated reference input to all of the other
adaptive filters and will in turn impact the adaptive filtering
occurring at every other speaker recursively. Accordingly,
for acoustic environments featuring multiple acoustic
sources, including MCS implementations, typical dynamic
filtering is not desirable and AEC is instead performed using
fixed filters that are generally derived during a calibration
mode of the MCS system prior to its intended use albeit with
the shortcomings that apply to dynamic acoustic environ-
ments (as described above).
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[0030] To address these shortcomings, various implemen-
tations disclosed herein are directed to intelligent calibration
of acoustic echo cancelation for multi-channel sound sys-
tems used in dynamic acoustic environments. For several
such implementations, a sensor subsystem is utilized to
detect and identify changes in the acoustic environment
using one or more acoustic and/or non-acoustic sensors
(e.g., computer vision, for example). Digital camera 150
illustrated in FIGS. 3A and 3B, for example, may be used as
a sensor to detect and identify changes in the acoustic
environment 100.

[0031] For several implementations, the sensors of the
MCS system are used to detect that a change in the acoustic
environment has occurred and determine a scene corre-
sponding to the resulting acoustic characteristics for that
environment. This detected scene is compared to one or
more predetermined scenes corresponding to the acoustic
environment. Each predetermined scene has a corresponding
pre-tuned filter configuration for optimal AEC performance.
Based on the results of the comparison, the pre-tuned filter
configuration corresponding to the predetermined scene that
most closely matches the detected scene is utilized by the
AEC subsystem of the MCS system.

[0032] For certain implementations, the scene may be
determined as part of the change detecting process, while for
other implementations the scene may be determined after a
change is detected by different means.

[0033] For certain implementations, the predetermined
scene and/or the pre-tuned filter configuration may be stored
(and accessed) locally, and/or may constitute entries in a
database, for example. For certain other implementations,
the predetermined scene and/or the pre-tuned filter configu-
ration may be stored remotely and accessed through a
communications connection such as, for example, via the
Internet or via a wireless telecommunications connection.
[0034] FIG. 5 is a process flow diagram illustrating an
exemplary method 500, representative of various implemen-
tations herein disclosed, for calibrating and/or recalibrating
acoustic echo cancelation for multi-channel sound in a
dynamic acoustic environment.

[0035] InFIG. 5, the method 500 begins at block 502 with
the MCS system determining a scene for the acoustic
environment, the scene comprising acoustic characteristics
of the acoustic environment as detected by one or more
sensors of the MCS system.

[0036] At block 504, the determined scene is compared to
a plurality of predetermined scenes accessible to the MCS
system to identify a closest match to the determined scene,
wherein each predetermined scene corresponds to a pre-
tuned filter configuration that is also accessible to the MCS.
[0037] At block 506, the pre-tuned filter configuration
corresponding to the closest matching predetermined scene
is applied to the fixed filters of the AEC subsystem of the
MCS system to calibrate the fixed filters with the set of
pre-tuned filter configurations.

[0038] For certain implementations, the MCS may deter-
mine an initial scene for the initial calibration of the MCS
system using known means (e.g., based on the location of
the microphone 22 corresponding to the desired TLL “sweet
spot” 22' as discussed earlier herein). This initial scene then
becomes the reference scene for later determining if changes
to the acoustic environment (based on a subsequently deter-
mined scene) necessitate a change in fixed filters used by the
AEC subsystem. Then, when a change occurs in the fixed
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filters used by the AEC subsystem, the latter determined
scene resulting in the change may become the new reference
scene against which subsequently determined scenes are
compared.

[0039] It should be noted that calibrating the fixed filters
responsive to a change in the acoustic environment may
have a variety of different effects including but not limited
to (1) moving the TLL “sweet spot” from one location to
another within the acoustic environment; (2) enlarging (but
diminishing) the TLL “sweet spot” within the acoustic
environment; or (3) enhancing the acoustic quality for select
portions of the acoustic environment at the cost of degrading
acoustic quality for other portions of the acoustic environ-
ment.

[0040] FIG. 6 is a process flow diagram illustrating an
alternative exemplary method 600 for calibrating and/or
recalibrating acoustic echo cancelation for multi-channel
sound in a dynamic acoustic environment representative of
several implementations disclosed herein.

[0041] InFIG. 6, the method 600 begins at block 610 with
the MCS system performing an initial calibration of the AEC
subsystem (and fixed filters) including determining an initial
scene corresponding to this initial calibration as the first
reference scene. At block 620, the MCS system determines
a subsequent scene for the acoustic environment. At block
630, the MCS system compares the reference scene with the
subsequent scene.

[0042] At block 640, the MCS determines whether the
acoustic environment has sufficiently changed based on the
comparison in block 630. If the acoustic environment has
not sufficiently changed, then the process returns to block
620 for iterative operation. If the acoustic environment has
sufficiently changed, however, the process continues to
block 650 where the MCS system identifies the closest
matching predetermined scene from a reference store for
storing a plurality of predetermined scenes (e.g., a library or
database) that may be either locally or remotely maintained.
Once the closest matching predetermined scene has been
identified, at block 660 a pre-tuned filter configuration
corresponding to the closest matching predetermined scene
(which may also be included in the same reference store) is
applied to the AEC subsystem to update the fixed filters with
new settings, and at block 670 the subsequent scene
becomes the reference scene until it is itself subsequently
replaced. The process returns to block 620 for continued
iterative operation.

[0043] For certain implementations, the initial scene deter-
mined in block 610 of FIG. 6, along with the corresponding
AEC fixed filter setting, may be stored in the reference store
for the plurality of predetermined scenes as a first entry or
a subsequent entry. Likewise, for any subsequent calibration
of the MCS system using known means (e.g., based on the
location of the microphone 22 corresponding to the desired
TLL “sweet spot” 22' as discussed earlier herein), whether
manually or automatically initiated, can result in a deter-
mined scene and corresponding AEC settings for storage in
the reference store. Moreover, for certain implementations a
reference store may be pre-populated with one or more
generic or default scenes (and corresponding settings) for
typical acoustic environments to provide a default universal
subset for comparison purposes.

[0044] With regard to whether an acoustic environment
has sufficiently changed, and for several implementations
herein disclosed, the determined change may be quantified
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and compared to a minimum threshold such that the MCS
system is not updated when the change is less than the
threshold and the MCS system is updated when the change
is equal to or more than a threshold, or variations thereof.
[0045] Likewise, for yet other implementations, when the
acoustic environment has been sufficiently changed, the
match between the closest predetermined scene and the
determined scene might also be quantified and evaluated
against a threshold to determine whether to update the MCS
system (for a good match), to not update the MCS system
(for a bad match), or take an alternative action. For some
such implementations, the alternative action may be one of
automatically performing a typical calibration for the
changed acoustic environment, notifying a user of the desir-
ability of performing a (manual) typical calibration, per-
forming a partial calibration, returning to a default or
previous state, determining new fixed filter settings for the
AEC subsystem by some other means, and so forth.
[0046] For example, when any variation in the acoustic
environment is detected, the MCS system may run one or
more tests of specific signal characteristics of the acoustic
environment to determine whether to proceed with a cali-
bration via any of the various implementations disclosed
herein. Such tests may include, for example, a determination
of the sparseness of modeled acoustic environment response
within an echo cancelation adaptive filter and/or a measure
of'echo suppression (i.e., Echo Return Loss Enhancement or
ERLE) provided by a linear echo canceller or other source.
However, skilled artisans will appreciate that neither of
these two tests by themselves may be sufficient to accurately
measure and estimate a need for calibration. For instance,
when a person moves to stand directly in front of a camera-
type sensor, the observed change does not necessarily indi-
cate a change in the acoustic environment and thus should be
identified when they occur, and excluded to prevent false
positives. Likewise, auditory signal characteristics alone
might also be unreliable in certain contexts such as during
the occurrence of double-talk and should likewise be
excluded when identified.

[0047] In FIG. 6, and for select configurations, determin-
ing a subsequent scene for the acoustic environment may be
preceded by a minimum wait time, MCS system usage time,
or other trigger event in order to delay immediate operation
of this element. However, other configurations, such as that
shown in FIG. 6, may iteratively determine subsequent
scenes without delay to immediately detect changes in the
acoustic environment and proceed accordingly to provide
real-time dynamic calibration.

[0048] For some implementations, the closest predeter-
mined scene may need to meet a minimum threshold of
similarity for application of its corresponding pre-tuned
filter configuration. For such implementations, when the
detected scene does not meet this threshold, the system may
instead choose to perform a new real-time calibration, may
utilize a default configuration (or one default configuration
from among a plurality of default configurations selected
based on a determinable criteria), or may continue to use the
last configuration as is.

[0049] The various implementations disclosed herein may
also be utilized in a variety of acoustic environments and
contexts including but not limited to home theater, interior
of a vehicle, and other defined acoustic environments.
Within each such acoustic environment, different scenes
may be determinable for different configurations of persons
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which may be finite (such as in the case of an interior of a
vehicle having predefined locations, orientations, and num-
bers based on the arrangement of seats provided) to theo-
retically infinite (such as in the case of a large room capable
of holding several people in various locations and innumer-
able orientations). Moreover, in the context of an interior of
a vehicle as the acoustic environment, specific implemen-
tations may utilize a reference store specifically pre-popu-
lated with one or more generic or default scenes (and
corresponding settings) based on the limited number of seats
(and finite and determinable seating configurations pos-
sible).

[0050] The various implementations disclosed herein may
also use one or more sensors to determine a scene for the
acoustic environment. These sensors may be acoustic (such
as a microphone that might otherwise be used for typical
calibration operations discussed earlier herein) and/or non-
acoustic. For instance, the MCS might use a camera (or
computer vision or any other image capture device of any
kind whatsoever) to determine changes in the acoustic
environment by any of several approaches such as when
more than a threshold percentage of the pixels change as a
function of time (which would occur when a person walks
into room, a door opens, etc.). Then, responsive to the
motion coupled with learning/training previously conducted
by the MCS system, the MCS system can determine a scene
(which may be based on the digital input itself) and modify
the AEC to match a closest-match predetermined scene.
[0051] Similar alternative implementations are also con-
templated for utilization in conjunction with gaming sys-
tems, home security systems, and so forth that can provide
to the MCS one or more borrowed sensors (e.g., one or more
sensors separate from the MCS). For example, a home
entertainment video gaming system may comprise a motion
sensing input device (e.g., a camera and/or a structured light
sensor) that enables users to control and interact with the
system without the need to touch a physical game controller.
This same motion sensing input device could also be lev-
eraged by an MCS system as a sensor (along or in combi-
nation with other sensors) to improve the audio experience
when the user is doing other activities such as, for example,
watching a movie. The same applies to cameras used for
home security and other video (and other sensory) sources
that can likewise provide the MCS system with one or more
sensors that are not native to the MCS system (but, instead,
are borrowed).

[0052] For certain implementations, specified objects
within an acoustic environment might be identified and
tracked such that it is the movement of these objects that is
alone used or given different weightings when used to
determine a change to the acoustic environment and/or the
best match between a determined scene and a predetermined
scene. Conversely, other objects (such as human, pets, etc.)
can also be specifically identified to varying degrees and
increased or decreased in weighting for the aforementioned
determinations accordingly. For example, detection of pets
might be purposefully ignored so that the acoustics of the
environment are not adjusted due to their movements.
[0053] FIG. 7 illustrates certain components that may be
included within an electronic device 702 for implementing
various implementations disclosed herein. The electronic
device 702 described in connection with FIG. 7 may be an
example of and/or may be implemented in accordance with
one or more of the electronic devices described herein.
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[0054] The electronic device 702 includes a processor
747. The processor 747 may be a general purpose single- or
multi-chip microprocessor (e.g., an ARM), a special purpose
microprocessor (e.g., a digital signal processor (DSP)), a
microcontroller, a programmable gate array, etc. The pro-
cessor 747 may be referred to as a central processing unit
(CPU). Although just a single processor 747 is shown in the
electronic device 702 of FIG. 7, in an alternative configu-
ration, a combination of processors (e.g., an ARM and DSP)
could be used.

[0055] The electronic device 702 also includes memory
731 in electronic communication with the processor 747
(i.e., the processor 747 can read information from and/or
write information to the memory 731). The memory 731
may be any electronic component capable of storing elec-
tronic information. The memory 731 may be random access
memory (RAM), read-only memory (ROM), magnetic disk
storage media, optical storage media, flash memory devices
in RAM, on-board memory included with the processor,
programmable read-only memory (PROM), erasable pro-
grammable read-only memory (EPROM), electrically eras-
able PROM (EEPROM), registers, and so forth, including
combinations thereof.

[0056] Data 733 and instructions 735 may be stored in the
memory 731. The instructions 735 may include one or more
programs, routines, sub-routines, functions, procedures,
code, etc. The instructions 735 may include a single com-
puter-readable statement or many computer-readable state-
ments. The instructions 735 may be executable by the
processor 747 to implement one or more of the methods
described above. Executing the instructions 735 may
involve the use of the data 733 that is stored in the memory
731. FIG. 7 shows some instructions 7354 and data 733a
being loaded into the processor 747.

[0057] The electronic device 702 may also include a
transmitter 743 and a receiver 745 to allow transmission and
reception of signals between the electronic device 702 and
a remote location (e.g., a base station). The transmitter 743
and receiver 745 may be collectively referred to as a
transceiver 741. An antenna 739 may be electrically coupled
to the transceiver 741. The electronic device 702 may also
include (not shown) multiple transmitters, multiple receiv-
ers, multiple transceivers and/or multiple antenna.

[0058] The various components of the electronic device
702 may be coupled together by one or more buses, which
may include a power bus, a control signal bus, a status signal
bus, a data bus, etc. For simplicity, the various buses are
illustrated in FIG. 7 as a bus system 737.

[0059] As used herein, the terms “calibrating” and “cali-
bration” (and various other forms thereof) shall include, but
is not limited to, any recalibrating/recalibration of an envi-
ronment that has been previously calibrated. Likewise, as
used herein, the term camera, video, image capture, and so
forth shall include any image capture device.

[0060] The presentation of the described configurations is
provided to enable any person skilled in the art to make or
use the methods and other structures disclosed herein. The
flowcharts, block diagrams, and other structures shown and
described herein are examples only, and other variants of
these structures are also within the scope of the disclosure.
Various modifications to these configurations are possible,
and the generic principles presented herein may be applied
to other configurations as well. Thus, the present disclosure
is not intended to be limited to the configurations shown



US 2016/0309275 Al

above but rather is to be accorded the widest scope consis-
tent with the principles and novel features disclosed in any
fashion herein, including in the attached claims as filed,
which form a part of the original disclosure.

[0061] Unless expressly limited by its context, the term
“signal” is used herein to indicate any of its ordinary
meanings, including a state of a memory location (or set of
memory locations) as expressed on a wire, bus, or other
transmission medium. Unless expressly limited by its con-
text, the term “generating” is used herein to indicate any of
its ordinary meanings, such as computing or otherwise
producing. Unless expressly limited by its context, the term
“calculating” is used herein to indicate any of its ordinary
meanings, such as computing, evaluating, estimating, and/or
selecting from a plurality of values. Unless expressly limited
by its context, the term “obtaining” is used to indicate any
of its ordinary meanings, such as calculating, deriving,
receiving (e.g., from an external device), and/or retrieving
(e.g., from an array of storage elements). Unless expressly
limited by its context, the term “selecting” is used to indicate
any of its ordinary meanings, such as identifying, indicating,
applying, and/or using at least one, and fewer than all, of a
set of two or more. Where the term “comprising” is used in
the present description and claims, it does not exclude other
elements or operations. The term “based on” (as in “A is
based on B”) is used to indicate any of its ordinary mean-
ings, including the cases (i) “derived from” (e.g., “B is a
precursor of A”), (ii) “based on at least” (e.g., “Ais based on
at least B”) and, if appropriate in the particular context, (iii)
“equal to” (e.g., “A is equal to B” or “A is the same as B”).
Similarly, the term “in response to” is used to indicate any
of'its ordinary meanings, including “in response to at least.”
References to a “location” of a speaker indicates the location
of the center of an acoustic-generating face of that speaker
unless otherwise indicated by the context. The term “chan-
nel” is used at times to indicate a signal path and at other
times to indicate a signal carried by such a path, according
to the particular context.

[0062] Furthermore, unless indicated otherwise, any dis-
closure of an operation of an apparatus having a particular
feature is also expressly intended to disclose a method
having an analogous feature (and vice versa), and any
disclosure of an operation of an apparatus according to a
particular configuration is also expressly intended to dis-
close a method according to an analogous configuration (and
vice versa). The term “configuration” may be used in
reference to a method, apparatus, and/or system as indicated
by its particular context. The terms “method,” “process,”
“procedure,” and “technique” are used generically and inter-
changeably unless otherwise indicated by the particular
context. The terms “apparatus” and “device” are also used
generically and interchangeably unless otherwise indicated
by the particular context. The terms “element” and “module”
are typically used to indicate a portion of a greater configu-
ration. Unless expressly limited by its context, the term
“system” is used herein to indicate any of its ordinary
meanings, including “a group of elements that interact to
serve a common purpose.”

[0063] Any incorporation by reference of a portion of a
document shall also be understood to incorporate definitions
of terms or variables that are referenced within the portion,
where such definitions appear elsewhere in the document, as
well as any figures referenced in the incorporated portion.
Unless initially introduced by a definite article, an ordinal
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term (e.g., “first,” “second,” “third,” etc.) used to modify a
claim element does not by itself indicate any priority or
order of the claim element with respect to another, but rather
merely distinguishes the claim element from another claim
element having a same name (but for use of the ordinal
term). Unless expressly limited by its context, each of the
terms “plurality” and “set” is used herein to indicate an
integer quantity that is greater than one, whereas the term
“subset” is used herein to indicate an integer quantity that is
greater than or equal to one.

[0064] It should be noted that one or more of the features,
functions, procedures, components, elements, structures,
etc., described in connection with any one of the configu-
rations described herein may be combined with one or more
of the functions, procedures, components, elements, struc-
tures, etc., described in connection with any of the other
configurations described herein, where compatible. In other
words, any compatible combination of the functions, pro-
cedures, components, elements, etc., described herein may
be implemented in accordance with the systems and meth-
ods disclosed herein.

[0065] The methods disclosed herein comprise one or
more steps or actions for achieving the described method.
The method steps and/or actions may be interchanged with
one another without departing from the scope of the claims.
In other words, unless a specific order of steps or actions is
required for proper operation of the method that is being
described, the order and/or use of specific steps and/or
actions may be modified without departing from the scope of
the claims. Moreover, the phrase “based on” does not mean
“based only on,” unless expressly specified otherwise. In
other words, the phrase “based on™ describes both “based
only on” and “based at least on.”

[0066] In the above description, reference numbers have
sometimes been used in connection with various terms.
Where a term is used in connection with a reference number,
this may be meant to refer to a specific element that is shown
in one or more of the Figures. Where a term is used without
a reference number, this may be meant to refer generally to
the term without limitation to any particular figure.

[0067] Those of skill in the art will understand that infor-
mation and signals may be represented using any of a variety
of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, and sym-
bols that may be referenced throughout the above descrip-
tion may be represented by voltages, currents, electromag-
netic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0068] Design requirements for implementation of a con-
figuration as disclosed herein may include minimizing pro-
cessing delay and/or computational complexity (typically
measured in millions of instructions per second or MIPS),
especially for computation-intensive applications, such as
playback of compressed audio or audiovisual information
(e.g., a file or stream encoded according to a compression
format, such as one of the examples identified herein) or
applications for wideband communications (e.g., voice com-
munications at sampling rates higher than eight kilohertz,
such as 12, 16, 32, 44.1, 48, or 192 kHz).

[0069] An apparatus as disclosed herein (e.g., any device
configured to perform a technique as described herein) may
be implemented in any combination of hardware with soft-
ware, and/or with firmware, that is deemed suitable for the
intended application. For example, the elements of such an
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apparatus may be fabricated as electronic and/or optical
devices residing, for example, on the same chip or among
two or more chips in a chipset. One example of such a device
is a fixed or programmable array of logic elements, such as
transistors or logic gates, and any of these elements may be
implemented as one or more such arrays. Any two or more,
or even all, of these elements may be implemented within
the same array or arrays. Such an array or arrays may be
implemented within one or more chips (for example, within
a chipset including two or more chips).

[0070] One or more elements of the various implementa-
tions of the apparatus disclosed herein may be implemented
in whole or in part as one or more sets of instructions
arranged to execute on one or more fixed or programmable
arrays of logic elements, such as microprocessors, embed-
ded processors, 1P cores, digital signal processors, FPGAs
(field-programmable gate arrays), ASSPs (application-spe-
cific standard products), and ASICs (application-specific
integrated circuits). Any of the various elements of an
implementation of an apparatus as disclosed herein may also
be embodied as one or more computers (e.g., machines
including one or more arrays programmed to execute one or
more sets or sequences of instructions, also called “proces-
sors”), and any two or more, or even all, of these elements
may be implemented within the same such computer or
computers.

[0071] A processor or other means for processing as
disclosed herein may be fabricated as one or more electronic
and/or optical devices residing, for example, on the same
chip or among two or more chips in a chipset. One example
of such a device is a fixed or programmable array of logic
elements, such as transistors or logic gates, and any of these
elements may be implemented as one or more such arrays.
Such an array or arrays may be implemented within one or
more chips (for example, within a chipset including two or
more chips). Examples of such arrays include fixed or
programmable arrays of logic elements, such as micropro-
cessors, embedded processors, IP cores, DSPs, FPGAs,
ASSPs, and ASICs. A processor or other means for process-
ing as disclosed herein may also be embodied as one or more
computers (e.g., machines including one or more arrays
programmed to execute one or more sets or sequences of
instructions) or other processors. It is possible for a proces-
sor as described herein to be used to perform tasks or
execute other sets of instructions that are not directly related
to a procedure of the implementations of the methods
described with respect to the various Figures, such as a task
relating to another operation of a device or system in which
the processor is embedded (e.g., an audio sensing device). It
is also possible for part of a method as disclosed herein to
be performed by a processor of the audio sensing device and
for another part of the method to be performed under the
control of one or more other processors.

[0072] Those of skill will appreciate that the various
illustrative modules, logical blocks, circuits, and tests and
other operations described in connection with the configu-
rations disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. Such
modules, logical blocks, circuits, and operations may be
implemented or performed with a general purpose processor,
a digital signal processor (DSP), an ASIC or ASSP, an FPGA
or other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any combi-
nation thereof designed to produce the configuration as
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disclosed herein. For example, such a configuration may be
implemented at least in part as a hard-wired circuit, as a
circuit configuration fabricated into an application-specific
integrated circuit, or as a firmware program loaded into
nonvolatile storage or a software program loaded from or
into a data storage medium as machine-readable code, such
code being instructions executable by an array of logic
elements such as a general purpose processor or other digital
signal processing unit. A general purpose processor may be
a microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontroller,
or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration. A software module
may reside in a non-transitory storage medium such as RAM
(random-access memory), ROM (read-only memory), non-
volatile RAM (NVRAM) such as flash RAM, erasable
programmable ROM (EPROM), electrically erasable pro-
grammable ROM (EEPROM), registers, hard disk, a remov-
able disk, or a CD-ROM; or in any other form of storage
medium known in the art. An illustrative storage medium is
coupled to the processor such the processor can read infor-
mation from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may
reside as discrete components in a user terminal.

[0073] It is noted that the various methods disclosed
herein may be performed by an array of logic elements such
as a processor, and that the various elements of an apparatus
as described herein may be implemented as modules
designed to execute on such an array. As used herein, the
term “module” or “sub-module” can refer to any method,
apparatus, device, unit or computer-readable data storage
medium that includes computer instructions (e.g., logical
expressions) in software, hardware or firmware form. It is to
be understood that multiple modules or systems can be
combined into one module or system and one module or
system can be separated into multiple modules or systems to
perform the same functions. When implemented in software
or other computer-executable instructions, the elements of a
process are essentially the code segments to perform the
related tasks, such as with routines, programs, objects,
components, data structures, and the like. The term “soft-
ware” should be understood to include source code, assem-
bly language code, machine code, binary code, firmware,
macrocode, microcode, any one or more sets or sequences of
instructions executable by an array of logic elements, and
any combination of such examples. The program or code
segments can be stored in a processor readable medium or
transmitted by a computer data signal embodied in a carrier
wave over a transmission medium or communication link.

[0074] The implementations of methods, schemes, and
techniques disclosed herein may also be tangibly embodied
(for example, in tangible, computer-readable features of one
or more computer-readable storage media as listed herein) as
one or more sets of instructions executable by a machine
including an array of logic elements (e.g., a processor,
microprocessor, microcontroller, or other finite state
machine). The term “computer-readable medium” may
include any medium that can store or transfer information,
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including volatile, nonvolatile, removable, and non-remov-
able storage media. Examples of a computer-readable
medium include an electronic circuit, a semiconductor
memory device, a ROM, a flash memory, an erasable ROM
(EROM), a floppy diskette or other magnetic storage, a
CD-ROM/DVD or other optical storage, a hard disk or any
other medium which can be used to store the desired
information, a fiber optic medium, a radio frequency (RF)
link, or any other medium which can be used to carry the
desired information and can be accessed. The computer data
signal may include any signal that can propagate over a
transmission medium such as electronic network channels,
optical fibers, air, electromagnetic, RF links, etc. The code
segments may be downloaded via computer networks such
as the Internet or an intranet. In any case, the scope of the
present disclosure should not be construed as limited by
such embodiments.

[0075] Each of the tasks of the methods described herein
may be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. In
a typical application of an implementation of a method as
disclosed herein, an array of logic elements (e.g., logic
gates) is configured to perform one, more than one, or even
all of the various tasks of the method. One or more (possibly
all) of the tasks may also be implemented as code (e.g., one
or more sets of instructions), embodied in a computer
program product (e.g., one or more data storage media such
as disks, flash or other nonvolatile memory cards, semicon-
ductor memory chips, etc.), that is readable and/or execut-
able by a machine (e.g., a computer) including an array of
logic elements (e.g., a processor, microprocessor, microcon-
troller, or other finite state machine). The tasks of an
implementation of a method as disclosed herein may also be
performed by more than one such array or machine. In these
or other implementations, the tasks may be performed
within a device for wireless communications such as a
cellular telephone or other device having such communica-
tions capability. Such a device may be configured to com-
municate with circuit-switched and/or packet-switched net-
works (e.g., using one or more protocols such as VoIP). For
example, such a device may include RF circuitry configured
to receive and/or transmit encoded frames.

[0076] It is expressly disclosed that the various methods
disclosed herein may be performed—at least in part—by a
portable communications device such as a handset, headset,
or portable digital assistant (PDA), and that the various
apparatus described herein may be included within such a
device.

[0077] Inone or more exemplary embodiments, the opera-
tions described herein may be implemented in hardware,
software, firmware, or any combination thereof. If imple-
mented in software, such operations may be stored on or
transmitted over a computer-readable medium as one or
more instructions or code. The term “computer-readable
media” includes both computer-readable storage media and
communication (e.g., transmission) media. By way of
example, and not limitation, computer-readable storage
media can comprise an array of storage elements, such as
semiconductor memory (which may include without limi-
tation dynamic or static RAM, ROM, EEPROM, and/or
flash RAM), or ferroelectric, magnetoresistive, ovonic,
polymeric, or phase-change memory; CD-ROM or other
optical disk storage; and/or magnetic disk storage or other
magnetic storage devices. Such storage media may store
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information in the form of instructions or data structures that
can be accessed by a computer. Communication media can
comprise any medium that can be used to carry desired
program code in the form of instructions or data structures
and that can be accessed by a computer, including any
medium that facilitates transfer of a computer program from
one place to another. Also, any connection is properly
termed a computer-readable medium. For example, if the
software is transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless tech-
nology such as infrared, radio, and/or microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-
less technology such as infrared, radio, and/or microwave
are included in the definition of medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray
Disc™ (Blu-Ray Disc Association, Universal City, Calif.),
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above should also be included within the scope of
computer-readable media.

[0078] An apparatus as described herein may be incorpo-
rated into an electronic device that accepts speech input in
order to control certain operations, or may otherwise benefit
from separation of desired noises from background noises,
such as communications devices. Many applications may
benefit from enhancing or separating clear desired sound
from background sounds originating from multiple direc-
tions. Such applications may include human-machine inter-
faces in electronic or computing devices which incorporate
capabilities such as voice recognition and detection, speech
enhancement and separation, voice-activated control, and
the like. It may be desirable to implement such an acoustic
signal processing apparatus to be suitable in devices that
only provide limited processing capabilities.

[0079] The elements of the various implementations of the
modules, elements, and devices described herein may be
fabricated as electronic and/or optical devices residing, for
example, on the same chip or among two or more chips in
a chipset. One example of such a device is a fixed or
programmable array of logic elements, such as transistors or
gates. One or more elements of the various implementations
of the apparatus described herein may also be implemented
in whole or in part as one or more sets of instructions
arranged to execute on one or more fixed or programmable
arrays of logic elements such as microprocessors, embedded
processors, IP cores, digital signal processors, FPGAs,
ASSPs, and ASICs.

[0080] It is possible for one or more elements of an
implementation of an apparatus as described herein to be
used to perform tasks or execute other sets of instructions
that are not directly related to an operation of the apparatus,
such as a task relating to another operation of a device or
system in which the apparatus is embedded. It is also
possible for one or more elements of an implementation of
such an apparatus to have structure in common (e.g., a
processor used to execute portions of code corresponding to
different elements at different times, a set of instructions
executed to perform tasks corresponding to different ele-
ments at different times, or an arrangement of electronic
and/or optical devices performing operations for different
elements at different times).
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[0081] The previous description of the disclosure is pro-
vided to enable any person skilled in the art to make or use
the disclosure. Various modifications to the disclosure will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest
scope consistent with the principles and novel features
disclosed herein.

[0082] Although exemplary implementations may refer to
utilizing aspects of the presently disclosed subject matter in
the context of one or more stand-alone computer systems,
the subject matter is not so limited, but rather may be
implemented in connection with any computing environ-
ment, such as a network or distributed computing environ-
ment. Still further, aspects of the presently disclosed subject
matter may be implemented in or across a plurality of
processing chips or devices, and storage may similarly be
effected across a plurality of devices. Such devices might
include PCs, network servers, and handheld devices, for
example. The term “determining” encompasses a wide vari-
ety of actions and, therefore, “determining” can include
calculating, computing, processing, deriving, investigating,
looking up (e.g., looking up in a table, a database or another
data structure), ascertaining and the like. Also, “determin-
ing” can include receiving (e.g., receiving information),
accessing (e.g., accessing data in a memory) and the like.
Also, “determining” can include resolving, selecting, choos-
ing, establishing and the like. Stated differently, it is to be
understood that the claims are not limited to the precise
configuration and components illustrated above, and the
various modifications, changes and variations may be made
in the arrangement, operation and details of the systems,
methods, and apparatus described herein without departing
from the scope of the claims.

[0083] Furthermore, although the subject matter has been
described in language specific to structural features and/or
methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily
limited to the specific features or acts described above.
Rather, the specific features and acts described above are
disclosed as example forms of implementing the claims that
follow.

1: A method for calibrating a multi-channel sound system,
the method comprising:

determining a scene from an acoustic environment;

identifying a predetermined scene from among a plurality
of predetermined scenes that best matches the scene,
wherein each predetermined scene from among the
plurality of predetermined scenes corresponds to a
pre-tuned filter configuration; and

calibrating the multi-channel sound system using the
pre-tuned filter configuration corresponding to the
identified predetermined scene.

2: The method of claim 1, further comprising detecting a
change to the acoustic environment.

3: The method of claim 2, wherein detecting the change
to the acoustic environment comprises quantifying the
change, and determining whether the change meets a thresh-
old as a condition for calibrating the multi-channel sound
system.
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4: The method of claim 2, wherein determining the scene
from the acoustic environment is responsive to detecting the
change to the acoustic environment.

5: The method of claim 2, wherein detecting the change
to the acoustic environment is based on the scene deter-
mined from the acoustic environment.

6: The method of claim 1, wherein identifying the pre-
determined scene that best matches the scene comprises
quantifying the predetermined scene based on the closeness
of the match and determining whether the closeness of the
match meets a minimum threshold as a condition for cali-
brating the multi-channel sound system.

7: The method of claim 1, wherein the plurality of
predetermined scenes is stored locally or stored remotely
and accessible via a communications connection.

8: The method of claim 1, wherein the acoustic environ-
ment is one of a room or an interior of a vehicle.

9: An apparatus for calibrating a multi-channel sound
system, the apparatus comprising:

a memory; and

a processor in communication with the memory and

configured to:

determine a scene from an acoustic environment;

identify a predetermined scene from among a plurality
of predetermined scenes that best matches the scene,
wherein each predetermined scene from among the
plurality of predetermined scenes corresponds to a
pre-tuned filter configuration; and

calibrate the multi-channel sound system using the
pre-tuned filter configuration corresponding to the
identified predetermined scene.

10: The apparatus of claim 9, wherein the processor is
further configured to detect a change to the acoustic envi-
ronment.

11: The apparatus of claim 10, wherein the processor is
further configured to quantify the change, and determine
whether the change meets a threshold as a condition for the
processor to calibrate the multi-channel sound system.

12: The apparatus of claim 10, wherein the processor is
configured to determine the scene from the acoustic envi-
ronment responsive to the processor detecting the change to
the acoustic environment.

13: The apparatus of claim 10, wherein the processor is
configured to detect the change to the acoustic environment
based on the scene the processor determined from the
acoustic environment.

14: The apparatus of claim 9, wherein, for the predeter-
mined scene that best matches the scene, the processor is
configured to quantify the predetermined scene based on the
closeness of the match and determine whether the closeness
of the match meets a minimum threshold as a condition for
the processor to calibrate the multi-channel sound system.

15: The apparatus of claim 9, wherein the processor
determines the scene using a camera-based sensor.

16: The apparatus of claim 9, wherein the processor
determines the scene using a sensor separate from the
apparatus.

17: A multi-channel sound system comprising:

means for determining a scene from an acoustic environ-

ment;

means for identifying a predetermined scene from among

a plurality of predetermined scenes that best matches
the scene, wherein each predetermined scene from
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among the plurality of predetermined scenes corre-
sponds to a pre-tuned filter configuration; and

means for calibrating the multi-channel sound system

using the pre-tuned filter configuration corresponding
to the identified predetermined scene.

18: The system of claim 17, further comprising means for
detecting a change to the acoustic environment.

19: The system of claim 18, wherein the detecting means
comprise means for quantifying the change, and means for
determining whether the change meets a threshold as a
condition for the calibrating means to calibrate the multi-
channel sound system.

20: The system of claim 18, wherein the determining
means is configured to determine the scene from the acoustic
environment responsive to the detecting means detecting the
change to the acoustic environment.

21: The system of claim 18, wherein the detecting means
is configured to detect the change to the acoustic environ-
ment based on the scene determined from the acoustic
environment.

22: The system of claim 17, wherein, for the predeter-
mined scene that best matches the scene, the identifying
means is configured to quantify the predetermined scene
based on the closeness of the match and determine whether
the closeness of the match meets a minimum threshold as a
condition for the calibrating means to calibrate the multi-
channel sound system.

23: A non-transitory computer readable medium compris-
ing computer-executable instructions that enable calibration
of' a multi-channel sound system, the computer-executable
instructions comprising instructions that cause a processor
to:

determine a scene from an acoustic environment;

identify a predetermined scene from among a plurality of

predetermined scenes that best matches the scene,
wherein each predetermined scene from among the
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plurality of predetermined scenes corresponds to a
pre-tuned filter configuration; and

calibrate the multi-channel sound system using the pre-

tuned filter configuration corresponding to the identi-
fied predetermined scene.

24: The computer readable medium of claim 23, further
comprising instructions that cause the processor to detect a
change to the acoustic environment.

25: The computer readable medium of claim 24, wherein
the instructions cause the processor to quantity the change,
and determine whether the change meets a threshold as a
condition for the processor to calibrate the multi-channel
sound system.

26: The computer readable medium of claim 24, wherein
the instructions cause the processor to determine the scene
from the acoustic environment responsive to the processor
detecting the change to the acoustic environment.

27: The computer readable medium of claim 24, wherein
the instructions cause the processor to detect the change to
the acoustic environment based on the scene determined
from the acoustic environment.

28: The computer readable medium of claim 23, wherein
the instructions that cause the processor to identify the
predetermined scene that best matches the scene further
comprises instructions that cause the processor to:

quantify the predetermined scene based on the closeness

of the match; and

determine whether the closeness of the match meets a

minimum threshold as a condition for the processor to
calibrate the multi-channel sound system.

29: The computer readable medium of claim 23, further
comprising instructions that cause the processor to deter-
mine the scene using a camera-based sensor.

30: The computer readable medium of claim 23, further
comprising instructions that cause the processor to deter-
mine the scene using a borrowed sensor.
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