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Systems and Methods for Optimizing an Audio Communication System
I. Background

[0001] The invention relates generally to the field of optimizing the performance of audio

communication systems against noise interference.



WO 2010/107729 PCT/US2010/027388

II. Summary

[0002] In one respect, disclosed is a method for optimizing an audio communication system, the
method comprising: detecting a surrounding noise profile; determining one or more states
of one or more noise-related conditions corresponding to the surrounding noise profile;
and associating the one or more states of the one or more noise-related conditions to the

surrounding noise profile.

[0003] In another respect, disclosed is a system for optimizing an audio communication system,
the system comprising: one or more processors; one or more memory units coupled to the
one or more processors; one or more microphones coupled to the one or more processors
and memory; and one or more sensors coupled to the one or more processors and
memory, the microphones being configured to detect a surrounding noise profile, the
sensors being configured to determine one or more states of one or more noise-related
conditions corresponding to the surrounding noise profile; and the system being
configured to associate the one or more states of the one or more noise-related conditions

to the surrounding noise profile.

[0004] In yet another respect, disclosed is a computer program product stored on a computer
operable medium, the computer program product comprising software code being
effective to optimize an audio communication system by being effective to: cause
detection of a surrounding noise profile; determine one or more states of one or more
noise-related conditions corresponding to the surrounding noise profile; and associate the
one or more states of the one or more noise-related conditions to the surrounding noise

profile.

[0005] Numerous additional embodiments are also possible.
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I11. Brief Description of the Drawings
[0006] Other objects and advantages of the invention may become apparent upon reading the

detailed description and upon reference to the accompanying drawings.

[0007] Figure 1 18 a block diagram illustrating a system for optimizing the performance of an

audio communication system, in accordance with some embodiments.

[0008] Figure 2 is a block diagram illustrating an alternative system for optimizing the

performance of an audio communication system, in accordance with some embodiments.

[0009] Figure 3 is a block diagram illustrating a system for optimizing the performance of an
audio communication system as the system may be used in an automobile, in accordance

with some embodiments.

[0010] Figure 4 is a flow diagram illustrating a method for optimizing the performance of an

audio communication system, in accordance with some embodiments.

[0011] Figure 5 is a flow diagram illustrating an alternative method for optimizing the

performance of an audio communication system, in accordance with some embodiments.

[0012] Figure 6 is a flow diagram illustrating a method for optimizing the performance of an
audio communication system for transmitting a sound, in accordance with some

embodiments.

[0013] While the invention is subject to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and the
accompanying detailed description. It should be understood, however, that the drawings
and detailed description are not intended to limit the invention to the particular
embodiments. This disclosure is instead intended to cover all modifications, equivalents,
and alternatives falling within the scope of the present invention as defined by the

appended claims.
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IV. Detailed Description

[0014] One or more embodiments of the invention are described below. It should be noted that
these and any other embodiments are exemplary and are intended to be illustrative of the
invention rather than limiting. While the invention is widely applicable to different types
of systems, it is impossible to include all of the possible embodiments and contexts of the
invention in this disclosure. Upon reading this disclosure, many alternative embodiments

of the present invention will be apparent to persons of ordinary skill in the art.

[0015] In some embodiments, systems and methods for optimizing the performance of an audio
communication system are disclosed. A surrounding noise profile may be determined by
monitoring surrounding noise. In one embodiment, one or more microphones coupled to
an analog-to-digital converter, for example, may be used to capture the noise profile. In
some embodiments, the noise profile may be stored as samples of energy values over

time, for example. Other methods of storing the noise profile may also be used.

[0016] In some embodiments, a sct of states of one or more noise-related conditions
corresponding to the surrounding noise profile may be determined. In some
embodiments, the states of the noise-related conditions may be monitored substantially
concurrently to the detection of the corresponding surrounding noise profile. Noise-
related conditions may be any conditions that contribute to noise generation. In
embodiments where the audio performance is implemented in an automobile, for
example, noise-related conditions and the states of these conditions may include: location
of the vehicle, date and time, position of each window in the car, position of the top in
convertible cars, position of the sunroof, speed of the vehicle, engine RPMs, volume of
the in-car radio, surrounding traffic, etc. In some embodiments, the surrounding noise
profile may be stored with the corresponding noise-related conditions to create a database

of surrounding noise profiles and corresponding noise-related conditions.

[0017] In some embodiments, either in real time or at a later time, audio communication system
parameters corresponding to the surrounding noise profiles may be computed. In some
embodiments, the audio communication system parameters may be stored in the database

and associated with the corresponding surrounding noise profile and corresponding states
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of noise-related conditions. In some embodiments, the audio communication system
parameters may be stored in the database in addition to the surrounding noise profile or

instead of the surrounding noise profile being stored in the database.

[0018] Audio communication system parameters may include parameters for optimizing acoustic
echo cancellers, equalizers, voice activity detectors, noise suppression, automatic gain
control, etc. It should be noted that these parameters may be applied to optimize the
performance of communication quality of an audio communication system, or the one or
more speakers of an audio communication system, or both. It should also be noted that
the optimization parameters may also be applied to communication systems that include
only microphones or only speakers. For example, the optimization parameters may be
applied to a radio system to optimize the performance of the radio’s speakers or the
optimization parameters may be applied to a note recording device to optimize the

performance of the recording device’s sound quality.

[0019] In some embodiments, the database may be used at a later time to increase the speed with
which audio optimization is performed. In some embodiments, audio communication
system parameters from the database may be used as initial audio communication system
parameters. The initial audio communication system parameters used may be chosen in
response to determining the states of the noise-related conditions. As stated above, if the
system is being utilized in a vehicle, noise-related conditions may include the location of
the vehicle, date and time, position of each window in the car, position of the top in
convertible cars, position of the sunroof, speed of the vehicle, engine RPMs, intensity of

the in-car radio, etc.

[0020] In some embodiments, if the database does not contain a match or a near match for the
states of the noise-related conditions interpolation/extrapolation, etc. techniques may be
used to obtain the best estimate for the audio communication system parameters that

match the current states of the noise-related conditions.

[0021] Figure 1 is a block diagram illustrating a system for optimizing the performance of an

audio communication system, in accordance with some embodiments.
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[0022] In some embodiments, optimization device 110 comprises one or more processors 115
coupled to one or more memory units 120. Processors 110 and memory units 120 are
configured to process/store instructions and data in order to effect the optimization
function of optimization device 110. Analog-to-digital converter 125 is configured to
couple one or more microphones 130 to memory units 120 and processors 115.
Additional devices, such as amplifiers, may be used to enable the functionality of

microphones 130.

[0023] In some embodiments, microphones 130 are configured to detect a surrounding noise
profile created by noise sources 135. Noise sources 135 may be any source of noise. In
an embodiment where the audio communication system device is implemented in an
automobile, for example, noise sources may include road noise, tire noise, engine noise,
general wind noise, wind noise from windows being open, wind noise from a convertible
top being open, radio volume level, etc. In an embodiment where the audio
communication system device is implemented in a house, for example, noise sources may

include appliances, stereo equipment, etc.

[0024] Sensors 145, which are also coupled to processors 115 and memory units 120, are
configured to detect the states of one or more noise-related conditions substantially
concurrently with microphones 130 detecting a surrounding noise profile. In an
embodiment where the device is implemented in a vehicle, for example, the states of
noise-related conditions may include location of the vehicle, time and date, windows’
positions, convertible top position, speed of the vehicle, engine RPMs, radio volume, etc.
Thus, sensors 145 may include GPS or other positioning devices, clock devices, door and
windows sensors, engine sensors for speed and RPM information, stereo sensors for
volume information, etc. In an embodiment where the device is implemented in a house,
for example, the states of noise-related conditions may include sterco volume, dryer state,

washer state, microwave state, location of device relative to the noise sources, etc.

[0025] In some embodiments, the detected surrounding sound profile and corresponding noise-
related conditions may be stored in memory for later use. In alternative embodiments,

audio communication system parameters corresponding to the surrounding noise profiles
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may be also be computed and stored. In some embodiments, the audio communication
system parameters may be stored in a database and correlated with the corresponding
states of the noise-related conditions. In some embodiments, the database may be created
in memory units 220. In some embodiments, the audio communication system
parameters and corresponding states of noise-related conditions may be stored instead of
the surrounding noise profile in the database. In other embodiments, both the
surrounding noise profile and the audio communication system parameters along with the
corresponding states of the noise-related conditions may be stored in the database. In
other embodiments, corresponding audio communication system parameters may be

computed and added to the database at a later time.

[0026] Figure 2 is a block diagram illustrating an alternative system for optimizing the

performance of an audio communication system, in accordance with some embodiments.

[0027] In some embodiments, audio communication device 210 comprises one or more
processors 215 coupled to one or more memory units 220. Processors 215 and memory
units 220 are configured to process/store instructions and data in order to effect the
functionality of audio communication device 210. Analog-to-digital converter 225 is
configured to couple one or more microphones 240 to memory units 220 and processors
215. Digital-to-analog converter 230 is configured to couple one or more speakers 245 to
memory units 220 and processors 215. Additional coupling devices, such as amplifiers,

may be used to couple microphones 240 and speakers 245.

[0028] In some embodiments, transceiver 235 1s configured to transmit and receive audio signals
from/to microphones 240 and speakers 245 to/from corresponding microphones and
speakers in other similar communication devices. The communication may occur over a

variety of media such the cellular network, the internet, radio waves, sound waves, etc.

[0029] In some embodiments, audio communication device 210 is configured to optimize the
performance of audio communication device 210 as it may be affected by noise sources
250. In an embodiment where audio communication device 210 is implemented in a

vehicle, noise sources 250 may include, for example, road noise, tire noise, engine noise,
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general wind noise, wind noise from windows being open, wind noise from a convertible
top being open, radio volume level, etc. In an embodiment where audio communication
device 210 is implemented in a house, for example, noise sources may include

appliances, sterco equipment, etc.

[0030] In some embodiments, audio communication system parameters may be used to reduce or
subtract noise that is introduced into microphones 240 by noise sources such as noise
sources 250. Audio communication system parameters may include parameters for
optimizing acoustic echo cancellers, equalizers, voice activity detectors, noise

suppression, automatic gain control, etc.

[0031] Audio communication system parameters may be computed based on a profile of noise
detected by microphones such as microphones 240. In some embodiments, a database of
stored, pre-computed audio communication system parameters may be used to enhance
the optimization process. The stored audio communication systems parameters may be
stored, for example, in memory units 220. In some embodiments, an appropriate set of
stored audio communication system parameters from the database may be used as an
initial set of audio communication system parameters for the audio communication
device. In some embodiments, the initial audio communication system parameters may
be subsequently tweaked further using current noise profiles detected in real time for

better optimization.

[0032] In some embodiments, the audio communication system parameters may be stored in
correlation with associated states of the noise-related conditions. In some embodiments,
the current states of noise-related conditions may be determined by monitoring sensors
265. Once the current states of noise-related conditions are determined, a search may be
then performed through the database of stored states of noise-related conditions to
determine a set of stored states of noise-related conditions substantially close to the
current set of states. The audio communication system parameters corresponding to the
stored states of noise-related conditions may then be retrieved and, in some embodiments,

used as the initial audio communication system parameters for optimization.
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[0033] In some embodiments, if a substantial match for the current states of the noise-related
conditions is not found in the database, interpolation/extrapolation techniques may be
used to determine a set of audio communication system parameters substantially

corresponding to the current states of the noise-related conditions.

[0034] Figure 3 is a block diagram illustrating a system for optimizing the performance of an
audio communication system as the system may be used in an automobile, in accordance

with some embodiments.

[0035] In some embodiments, optimization device 335 may be implemented in an automobile
such as automobile 310. In some embodiments, optimization device 335 may be similar

in functionality to audio communication system device 110.

[0036] Various noise sources can exist in an automobile environment. Examples of such sources
may be traffic giving rise to traffic noise 320, rolling tires giving rise to tire noise 325,
open windows giving rise to window wind noise 330, engine giving rise to engine noise

315, etc.

[0037] Figure 4 is a flow diagram illustrating a method for optimizing the performance of an
audio communication system, in accordance with some embodiments. In some
embodiments, the methods described here may be implemented by a device such as the

one described in Figure 1.

[0038] Processing begins at 400 whereupon, at block 410, a surrounding noise profile is
determined. The surrounding noise profile, in some embodiments, is a result of multiple
noise sources. In some embodiments, audio communication system parameters according
to an audio communication system and corresponding to the detected noise profile may

be computed.

[0039] At block 415, one or more states of one or more noise-related conditions corresponding
to the surrounding noise profile are determined. The states of noise-related conditions

could be anything that causes or contributes to the generation of noise such as the speed



WO 2010/107729 PCT/US2010/027388

of a car, the position of the window in a car, whether an appliance is switched on in a

home, etc.

[0040] At block 420, the one or more states of the one or more noise-related conditions are
associated to the corresponding surrounding noise profile. In some embodiment, the one
or more states of the one or more noise-related conditions are also associated to the
corresponding surrounding noise profile. In some embodiments, a database may be
created of states of the noise-related conditions and the corresponding surrounding noise

profile and/or the corresponding audio communication system parameters.

[0041] Figure 5 is a flow diagram illustrating an alternative method for optimizing the
performance of an audio communication system, in accordance with some embodiments.
In some embodiments, the methods described here may be implemented by a device such

as the one described in Figure 1.

[0042] Processing begins at 500 whereupon, at block 510, a surrounding noise profile is
detected. The surrounding noise profile, in some embodiments, is a result of multiple
noise sources. In some embodiments, microphones and corresponding hardware may be
used to detect the noise profile, and an ADC may be used to convert the noise profile

from analog to digital.

[0043] At block 515, one or more states of one or more noise-related conditions corresponding
to the surrounding noise profile are determined. In some embodiments, the states of the
noise related conditions may be anything that causes or contributes to noise, such as the
speed of a vehicle, the position of a window in a vehicle, whether a home appliance is

switched on, etc.

[0044] At block 520, the one or more states of the one or more noise-related conditions are
associated to the corresponding surrounding noise profile. At block 525, audio
communication system parameters corresponding to the surrounding noise profile are
determined. In some embodiments, the audio communication system parameters may be

computed according to a particular optimization method. At block 530, the audio

10
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communication system parameters are also associated to the one or more states of the one

or more states of the one or more noise-related conditions.

[0045] At block 535, the audio communication system parameters and the associated one or
more states of the one or more noise-related conditions are stored. In other embodiments,
in addition to storing the audio communication system parameters, the surrounding noise

profile may also be stored.

[0046] Processing subsequently ends at 599.

[0047] Figure 6 is a flow diagram illustrating a method for optimizing the performance of an
audio communication system for transmitting a sound, in accordance with some
embodiments. In some embodiments, the methods described here may be implemented

by a device such as the one described in Figure 2.

[0048] Processing begins at 600 whereupon, at block 610, a sound to be transmitted is detected.
In some embodiments, the sound to be transmitted may be detected using one or more
microphones and appropriate hardware. The detected sound may also be converted from

analog to digital using an ADC converter.

[0049] At block 615, one or more current states of the one or more noise-related conditions
corresponding to the current surrounding noise profile are determined. The states may be
determined, for example, by monitoring one or more sensors configured to detect the

states of the one or more noise-related conditions.

[0050] At block 620, stored states substantially equal to the current states are determined. In
some embodiments, a search in a database may be performed to determine stored states

that are substantially equal to the current set of states.

[0051] At block 630, the stored audio communication system parameters corresponding to the
stored states are determined. In some embodiments, if stored states substantially equal to

the current states are not found in the database, interpolation/extrapolation techniques

11
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may be used to determine the audio communication system parameters that would be a

good correspondence to the current surrounding noise profile.

[0052] At block 635, stored audio communication system parameters are applied as initial audio
communication system parameters to, among other things, reduce the current surrounding
noise profile from the sound. In some embodiments, the stored and/or computed audio
communication system parameters may be used initially and may be followed by audio
communication system parameters that are calculated later using current surrounding

noise profiles.

[0053] At block 640, the sound is transmitted. Processing ends at 699.

[0054] Those of skill will appreciate that the various illustrative logical blocks, modules,
circuits, and algorithm steps described in connection with the embodiments disclosed
herein may be implemented as electronic hardware, computer software, or combinations
of both. To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Those of skill in the art may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present

invention.

[0055] The previous description of the disclosed embodiments is provided to enable any person
skilled in the art to make or use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

12



WO 2010/107729 PCT/US2010/027388

[0056] The benefits and advantages that may be provided by the present invention have been
described above with regard to specific embodiments. These benefits and advantages,
and any elements or limitations that may cause them to occur or to become more
pronounced are not to be construed as critical, required, or essential features of any or all

2% ¢

of the claims. As used herein, the terms “comprises,” “comprising,” or any other
variations thereof, are intended to be interpreted as non-exclusively including the
elements or limitations which follow those terms. Accordingly, a system, method, or
other embodiment that comprises a set of elements is not limited to only those elements,
and may include other elements not expressly listed or inherent to the claimed

embodiment.

[0057] While the present invention has been described with reference to particular embodiments,
it should be understood that the embodiments are illustrative and that the scope of the
invention is not limited to these embodiments. Many variations, modifications, additions
and improvements to the embodiments described above are possible. It is contemplated
that these variations, modifications, additions and improvements fall within the scope of

the invention as detailed within the following claims.

13
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V. Claims

What is claimed is:

1. A method for optimizing an audio communication system, the method comprising:
detecting a surrounding noise profile;

determining one or more states of one or more noise-related conditions

corresponding to the surrounding noise profile; and
associating the one or more states of the one or more noise-related conditions to
the surrounding noise profile.

2. The method of Claim 1, further comprising:

determining audio communication system parameters corresponding to the

surrounding noise profile; and
associating the audio communication system parameters to the one or more states

of the one or more noise-related conditions.

3. The method of Claim 2, further comprising storing the audio communication system
parameters and the associated one or more states of the one or more noise-related
conditions.

4. The method of Claim 3, further comprising:

detecting a sound to be transmitted, where the sound is mixed with a current

surrounding noise profile;

determining one or more current states of the one or more noise-related conditions

corresponding to the current surrounding noise profile;
determining stored states substantially equal to the current states; and

determining stored audio communication system parameters corresponding to the

stored states.

14
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5. The method of Claim 4, further comprising:

applying the stored audio communication system parameters as initial audio
communication system parameters to suppress the current surrounding noise

profile from the sound; and

transmitting the sound.

6. The method of Claim 5, further comprising:
determining improved audio communication system parameters;

applying the improved audio communication system parameters to suppress the

surrounding noise profile; and
transmitting the sound.

7. The method of Claim 1, where detecting the surrounding noise profile comprises
detecting the surrounding noise profile inside a vehicle and where the one or more
noise-related conditions are at least one of: GPS location, date and time, windows
position, vehicle speed, type of propulsion system, convertible top, and radio volume.

8. A system for optimizing an audio communication system, the system comprising;:

0N Or MOTe Processors;

one or more memory units coupled to the one or more processors;

one or more microphones coupled to the one or more processors and memory; and
one or more sensors coupled to the one or more processors and memory,

the microphones being configured to detect a surrounding noise profile,

the sensors being configured to determine one or more states of one or more

noise-related conditions corresponding to the surrounding noise profile; and

the system being configured to associate the one or more states of the one or more

noise-related conditions to the surrounding noise profile.

15
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9. The system of Claim 8, further comprising the system being configured to:

determine audio communication system parameters corresponding to the

surrounding noise profile; and
associate the audio communication system parameters to the one or more states of

the one or more noise-related conditions.

10. The system of Claim 9, the one or more memory units being configured to store the
audio communication system parameters and the associated one or more states of the
one or more noise-related conditions.

11. The system of Claim 10, where,

the microphones being configured to detect a sound to be transmitted, where the

sound is mixed with a current surrounding noise profile;

the system being further configured to determine one or more current states of the
one or more noise-related conditions corresponding to the current surrounding

noise profile;

the system being further configured to determine stored states substantially equal

to the current states; and
the system being further configured to determine stored audio communication
system parameters corresponding to the stored states.

12. The system of Claim 11, further comprising;:

the system being configured to apply the stored audio communication system
parameters as initial audio communication system parameters to suppress the

current surrounding noise profile from the sound; and

a transmitter configured to transmit the sound.

13. The system of Claim 12, further comprising;:

determining improved audio communication system parameters;

16
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applying the improved audio communication system parameters to suppress the

surrounding noise profile; and
transmitting the sound.
14. The system of Claim 8, where detecting the surrounding noise profile comprises
detecting the surrounding noise profile inside a vehicle and where the one or more

noise-related conditions are at least one of: GPS location, date and time, windows

position, vehicle speed, type of propulsion system, convertible top, and radio volume.

15. The system of Claim 8, further comprising a vehicle, the vehicle comprising the

system for optimizing an audio communication system.

16. A computer program product stored on a computer operable medium, the computer
program product comprising software code being effective to optimize an audio

communication system by being effective to:
cause detection of a surrounding noise profile;

determine one or more states of one or more noise-related conditions

corresponding to the surrounding noise profile; and
associate the one or more states of the one or more noise-related conditions to the
surrounding noise profile.

17. The product of Claim 16, where the code is further effective to:

determine audio communication system parameters corresponding to the

surrounding noise profile; and
associate the audio communication system parameters to the one or more states of

the one or more noise-related conditions.

18. The product of Claim 17, where the code is further effective to cause the storage of
the audio communication system parameters and the associated one or more states of

the one or more noise-related conditions.

17
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19. The product of Claim 18, where the code is further effective to:

cause the detection of a sound to be transmitted, where the sound is mixed with a

current surrounding noise profile;

determine one or more current states of the one or more noise-related conditions

corresponding to the current surrounding noise profile;
determine stored states substantially equal to the current states; and
determine stored audio communication system parameters corresponding to the
stored states.
20. The product of Claim 19, where the code is further effective to:

apply the stored audio communication system parameters as initial audio
communication system parameters to suppress the current surrounding noise

profile from the sound; and

cause a transmission of the sound.

21. The product of Claim 20, where the code is further effective to:
determine improved audio communication system parameters;

apply the improved audio communication system parameters to suppress the

surrounding noise profile; and

cause a transmission of the sound.

18
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