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57 ABSTRACT

Embodiments include a vehicle comprising an audio system
configured to create a plurality of audio zones within a
vehicle cabin, and at least one display communicatively
coupled to the audio system. The display is configured to
display a separate user interface for each audio zone. Each
user interface comprises an engine sound control and a cabin
noise control for adjusting an audio output provided to the
corresponding audio zone. Embodiments also include a
method of providing user-controlled sound isolation in a
plurality of audio zones within a vehicle. The method
comprises presenting, for each audio zone, a user interface
including an engine sound control and a cabin noise control,
and generating an audio output for each audio zone based on
a first value received from the engine sound control and a
second value received from the cabin noise control of the
corresponding user interface.
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SYSTEM AND METHOD FOR
PERSONALIZED SOUND ISOLATION IN
VEHICLE AUDIO ZONES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 15/005,351, filed on
Jan. 25, 2016. The prior application is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

[0002] This application generally relates to vehicle audio
systems, and more specifically, to providing personalized
sound isolation within a vehicle.

BACKGROUND

[0003] Driving in automotive vehicles is become an
increasingly quieter experience. For example, most vehicles
utilize sound damping materials and passenger compartment
designs to help isolate vehicle occupants from unwanted
engine and road noise. Some automotive vehicles also
include active noise cancellation or reduction systems to
help provide a quieter and more peaceful driving experience.
In addition to engine sounds and road rumble, other
unwanted noises in the vehicle cabin can include wind noise,
sounds from other vehicle occupants, and noise generated by
the vehicle’s heating, ventilation, and air conditioning
(HVAC) unit. Conversely, a number of performance vehicles
augment or increase the engine sounds entering the vehicle
cabin, for example, by sending the engine noise through the
speakers of the vehicle with a preset gain. Regardless of the
type of treatment, such noise cancellation or augmentation
effects are typically applied uniformly throughout the
vehicle cabin.

[0004] A few existing vehicle audio systems generate
sound zones around one or more vehicle occupants, where
each sound zone can be designed to include only desired
audio signals and to exclude any unwanted audio or noise
picked up within the vicinity of the occupant. For example,
a first sound zone may include a volume around the ears of
the vehicle driver, and a second sound zone may include a
volume around the ears of one or more vehicle passengers.
A user interface or control panel enables the user to define
the boundaries of each sound zone, for example, through
user-selection of pre-defined geometric shapes that represent
the available sound zones, and to turn the sound zones on or
off. The control panel also enables the user to select the
audio sources to be played within each sound zone and to
control a sound volume level for each sound zone. However,
existing audio systems are not capable of providing indi-
vidualized user control over the noise cancellation and
augmentation features provided within each sound zone of
the vehicle.

[0005] Accordingly, there is still a need in the art for
vehicle systems and methods that can provide improved
sound isolation within each sound zone of a vehicle cabin.

SUMMARY

[0006] The invention is intended to solve the above-noted
and other problems through systems and methods for pro-
viding user-controlled sound isolation within each sound
zone of a vehicle cabin, wherein each sound zone is asso-
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ciated with a user interface for selecting noise control
values, such as, for example, a road noise value, an engine
sound value, and an in-cabin noise value.

[0007] For example, one embodiment provides a vehicle
comprising an audio system configured to create a plurality
of audio zones within a vehicle cabin, and at least one
display communicatively coupled to the audio system. The
display is configured to display a separate user interface for
each audio zone. Each user interface comprises an engine
sound control and a cabin noise control for adjusting an
audio output provided to the corresponding audio zone.
[0008] Another example embodiment provides a user
interface for a multi-seat vehicle having a plurality of audio
zones. The user interface comprises, for each audio zone, a
first input device configured to receive user-entry of a cabin
noise gain, and a second input device configured to receive
user-entry of an engine sound gain. The cabin noise gain and
engine sound gain are provided to an audio system to adjust
an audio output provided to the audio zone.

[0009] An additional example embodiment includes a
method of providing user-controlled sound isolation in a
plurality of audio zones within a vehicle. The method
comprises presenting, for each audio zone, a user interface
including an engine sound control and a cabin noise control,
and generating an audio output for each audio zone based on
a first value received from the engine sound control and a
second value received from the cabin noise control of the
corresponding user interface.

[0010] As will be appreciated, this disclosure is defined by
the appended claims. The description summarizes aspects of
the embodiments and should not be used to limit the claims.
Other implementations are contemplated in accordance with
the techniques described herein, as will be apparent to one
having ordinary skill in the art upon examination of the
following drawings and detail description, and such imple-
mentations are intended to within the scope of this applica-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a better understanding of the invention, refer-
ence may be made to embodiments shown in the following
drawings. The components in the drawings are not neces-
sarily to scale and related elements may be omitted, or in
some instances proportions may have been exaggerated, so
as to emphasize and clearly illustrate the novel features
described herein. In addition, system components can be
variously arranged, as known in the art. Further, in the
drawings, like reference numerals designate corresponding
parts throughout the several views.

[0012] FIG. 1is an illustration of an exemplary vehicle, in
accordance with certain embodiments.

[0013] FIG. 2 is a block diagram showing an exemplary
audio system included in the vehicle of FIG. 1, in accor-
dance with certain embodiments.

[0014] FIG. 3 is an illustration of an exemplary user
interface for an audio zone shown in FIG. 1, in accordance
with certain embodiments.

[0015] FIG. 4 is an illustration of an exemplary audio zone
within the vehicle of FIG. 1, in accordance with certain
embodiments.

[0016] FIG. 5 is a block diagram showing an exemplary
vehicle computing system comprising the audio system of
FIG. 2, in accordance with certain embodiments.
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[0017] FIG. 6 is a flow diagram of an example method of
providing user-controlled sound isolation in each of a plu-
rality of audio zones within a vehicle, in accordance with
certain embodiments.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0018] While the invention may be embodied in various
forms, there are shown in the drawings, and will hereinafter
be described, some exemplary and non-limiting embodi-
ments, with the understanding that the present disclosure is
to be considered an exemplification of the invention and is
not intended to limit the invention to the specific embodi-
ments illustrated.

[0019] In this application, the use of the disjunctive is
intended to include the conjunctive. The use of definite or
indefinite articles is not intended to indicate cardinality. In
particular, a reference to “the” object or “a” and “an” object
is intended to denote also one of a possible plurality of such
objects.

[0020] FIG. 1 illustrates an exemplary vehicle 10 with a
plurality of audio zones 12 for providing a personalized
audio output to vehicle occupant(s) (not shown) seated in
each audio zone 12, in accordance with embodiments. Each
of the audio zones 12 can be associated with at least one of
a plurality of vehicle seats 14 included in a cabin area 16 of
the vehicle 10 and can represent a volume, or three-dimen-
sional space, surrounding the seat(s) 14 associated therewith
or, more specifically, the ears of the occupant(s) seated
therein. In embodiments, each audio zone 12 can be con-
figured such that the occupant(s) or listener(s) within that
zone 12 experiences a user-specified sound isolation effect in
addition to any audio signal selected for playback through
one or more audio speakers 18 directed towards the audio
zone 12. The sound isolation effect includes noise cancel-
lation, reduction, and/or augmentation and, along with the
selected audio signal, can form the personalized audio
output provided to each audio zone 12 (such as, e.g., audio
output signals 104 shown in FIG. 2).

[0021] For example, in FIG. 1, a first audio zone 124 (also
referred to herein as “Zone A”) includes a first volume
surrounding a driver seat 14a and is configured to present a
personalized audio output to a driver seated therein. Like-
wise, a second audio zone 125 (also referred to herein as
“Zone B”) includes a second volume surrounding a front
passenger seat 145 and can be configured to present a second
audio output to a front passenger seated therein. As a further
example, a third audio zone 12¢ (also referred to herein as
“Zone C”) includes a third volume surrounding a left rear
passenger seat 16¢ and can be configured to present a third
audio output to a left rear passenger seated therein. As also
shown, a fourth audio zone 124 (also referred to herein as
“Zone D”) includes a fourth volume surrounding a right rear
passenger seat 164 and can be configured to present a fourth
audio output to a right rear passenger seated therein. In some
embodiments, each vehicle seat 14 includes a presence
detector (not shown) to determine whether an occupant is
sitting in the seat 14 before activating the sound isolation
features described herein. The vehicle seats 14 can be
separate or captain style seats or bench-style seats.

[0022] As will be appreciated, the number of audio zones
12 can vary depending on the style or type of vehicle 10
(e.g., sedan, full-sized van, minivan, SUV, truck, coupe, etc.)
and can have a number of configurations other than that
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shown in FIG. 1, including combining one or more of the
audio zones 12 to form a larger audio zone. For example, all
of the rear audio zones (e.g., zones 12¢ and 124) may be
combined to form a single rear audio zone, and all of the
front audio zones (e.g., zones 12a and 125) may be com-
bined to form a single front audio zone. As another example,
all of the passenger audio zones (e.g., zones 125, 12¢, and
12d) may be combined to form a single passenger audio
zone, and the driver audio zone (e.g., zone 12a) may remain
independent of the passenger audio zone. In yet another
example, if one of the vehicle seats 14 is a bench seat, the
corresponding audio zone 12 may be shaped to cover the
entire bench scat or specific sections of the bench seat.
[0023] As shown in FIG. 1, the vehicle 10 includes a
plurality of the audio speakers 18, a plurality of receiver
microphones 20, and a plurality of error microphones 22
configured to present the personalized audio output gener-
ated for each audio zone 12 to the corresponding zone 12.
Referring additionally to FIG. 2, the audio speakers 18,
receiver microphones 20, and error microphones 22 form
part of a vehicle audio system 100 included in the vehicle 10
for creating the plurality of audio zones 12 and providing a
personalized audio output to each zone 12, in accordance
with embodiments. More specifically, the audio system 100
includes an audio control module 102 for generating a
user-configured audio output signal 104 for each of the audio
zones 12 and for providing each audio output signal 104 to
the one or more speakers 18 directed towards the corre-
sponding audio zone 12.

[0024] In embodiments, each of the audio zones 12 can be
associated with a predetermined set of the speakers 18, the
speaker set comprising at least two audio speakers 18 for
providing improved directed audio within the audio zone 12.
For example, in the illustrated embodiment, a first set of
speakers (S,) 18a is configured to provide a first audio
output signal 104a to Zone A; a second set of speakers (Sg)
185 is configured to provide a second audio output signal
1045 to Zone B; a third set of speakers (S.) 18¢ is config-
ured to provide a third audio output signal 104¢ to Zone C;
and a fourth set of speakers (S ) 184 is configured to provide
a fourth audio output signal 1044 to Zone D. In embodi-
ments, each input audio signal 104 can be separated into a
number of channel components (e.g., front and rear com-
ponents and/or left and right components) depending on the
number and/or placement of the speakers 18 within the set.
[0025] The audio system 100 further includes an active
noise cancellation (ANC) system 106 for providing the
sound isolation effect for each audio zone 12 by, among
other things, generating an anti-noise signal 108 for each
audio zone 12 based on unwanted sounds or noise picked up
by the microphones 20 and 22 in the corresponding audio
zone 12. As shown in FIG. 2, the ANC system 106 provides
the anti-noise signals 1084, 1085, 108¢, and 1084 to the
audio control module 102. The audio control module 102
combines the anti-noise signals 108 with respective user-
selected audio signals 110a, 1105, 110¢, 1104 to produce a
corresponding audio output signal 104 for each of the audio
zones 12a, 125, 12¢, and 124.

[0026] In embodiments, the audio control module 102
generates the audio output signal 104 for each audio zone 12
based on the corresponding anti-noise signal 108 and a
corresponding input audio signal 110 and selected for that
audio zone 12 received from one or more audio sources 112.
The audio source(s) 112 can include, for example, a
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CD/DVD player, an AM/FM/XM radio, an MP3 player, a
navigation device, a video camera, a personal media player,
a mobile communications device (e.g., cellular telephone), a
video game player, or any other audio source included in, or
communicatively coupled to, the vehicle audio system 100.
The input audio signal 110 may be selected by the occupant
seated within the corresponding audio zone 12 or by the
vehicle driver, depending on where audio input controls are
located in the vehicle 10. In some cases, the same input
audio signal 110 can be provided to all audio zones 12, but
each audio zone 12 can have a different user-selected sound
isolation effect. In other cases, both the input audio signal
110 and the sound isolation effect can be different for each
audio zone 12. In still other cases, a select number of the
audio zones 12 can receive the same personalized audio
output signal 104, while the remaining audio zones 12 can
receive different audio output signals 104.

[0027] In embodiments, the ANC system 106 can reduce
or eliminate unwanted sounds or noise audible within each
audio zone 12, and/or in the vehicle cabin 16 as a whole, by
generating sound waves that destructively interfere with the
unwanted sounds. The destructively interfering sound waves
are represented by the anti-noise signal 108 that is included
as part of the audio output 102 presented by the speakers 18
to each audio zone 12. The ANC system 106 generates the
anti-noise signal 108 for each audio zone 12 based on a
cabin noise signal 114 received from the receiver micro-
phones 20 directed towards, or positioned within, the zone
12.

[0028] In embodiments, each cabin noise signal 114 can
be indicative of any unwanted sound or noise (also referred
to herein as “cabin noise”) that emanates from one or more
noise sources 24 and is audible within the corresponding
audio zone 12. The noises sources 24 can be located inside
the vehicle cabin 16 and/or outside of the vehicle 10. For
example, cabin noise generated by external noise sources 24
can include wind noise, road noise, and other externally-
generated sounds. Cabin noise generated by in-cabin noise
sources 24 can include HVAC noise, noise generated by
other vehicle occupants (e.g., in-person conversations
involving other occupants), audio outputs presented to other
audio zones 12 within the vehicle 10 (e.g., a hands-free
cellular telephone call or video game sounds output through
one or more speakers 18), and other internally-generated
sounds.

[0029] The receiver microphones 20 within each audio
zone 12 can be configured to detect or pick up the unwanted
cabin noise and output the corresponding cabin noise signal
114 to a noise control module 118 included in the ANC
system 106. The noise control module 118 can include a
noise cancellation algorithm 120 and an algorithm-driven
filter 122 for generating sound waves that are approximately
180 degrees out of phase with each cabin noise signal 114
received from the receiver microphones 20 directed towards
the corresponding audio zone 12. These sound waves can
form the anti-noise signal 108 provided to the audio control
module 102 by the noise cancellation module 118 for each
audio zone 12, as shown in FIG. 2. This 180 degree phase
shift can cause a desirable destructive interference when the
unwanted sound waves detected in each audio zone 12
combine with the anti-noise sound waves of the correspond-
ing anti-noise signal 108, thereby cancelling the unwanted
noise that is perceived by the occupant(s) of each zone 12.
In some embodiments, the noise control module 118 com-
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prises an anti-noise generator (not shown) or other audio
component for generating the anti-noise signals 108.
[0030] In embodiments, each audio zone 12 can also be
associated with a predetermined set of the receiver micro-
phones 20, the microphone set comprising at least two
receiver microphones 20 for providing improved noise
detection within the audio zone 12. For example, in the
illustrated embodiment, a first set of receiver microphones
(M) 20a are configured to detect unwanted noise audible
within Zone A and to generate a first cabin noise signal 114a;
a second set of microphones (Mz) 2056 are configured to
detect unwanted noise audible within Zone B and to gener-
ate a second cabin noise signal 1145, a third set of micro-
phones (M) 20c is configured to detect unwanted noise
audible within Zone C and to generate a third cabin noise
signal 114c¢; and a fourth set of microphones (M) 20d is
configured to detect unwanted noise audible within Zone D
and to generate a fourth cabin noise signal 1144.

[0031] Still referring to FIGS. 1 and 2, the ANC system
106 can dynamically adjust or refine the anti-noise signal
108 generated for each audio zone 12 based on a noise
cancellation error signal 116 detected by the error micro-
phones 22 directed towards, or positioned within, that audio
zone 12. The noise cancellation error signal 116 can reflect
any differences between the anti-noise signal 108 and the
unwanted cabin noise audible within each audio zone 12, or
the cabin noise signal 114 picked up by the receiver micro-
phones 20 therein. The noise cancellation error signals 116
can be input to the noise control module 118 to more
accurately produce anti-noise sound waves that destruc-
tively interfere with the unwanted sound waves audible in
the corresponding audio zone 12. Prior to adjusting the
anti-noise signal 108, the error signal 116 for each audio
zone 12 can be processed to accommodate for, or remove,
sound waves based on the input audio signal 110 presented
to that audio zone 12 using the corresponding speakers 18.
[0032] According to embodiments, each audio zone 12
can be associated with a predetermined set of the error
microphones 22, the set comprising at least two error
microphones 22 for providing improved error signal detec-
tion within the audio zone 12 for adjusting the noise can-
cellation effect of the corresponding anti-noise signal 108.
For example, in the illustrated embodiment, a first set of
error microphones (E ) 22a are configured to detect a first
error signal 116a within Zone A; a second set of error
microphones (Ez) 226 are configured to detect a second
error signal 1165 within Zone B; a third set of error
microphones (E.) 22¢ is configured to detect a third error
signal 116¢ within Zone C; and a fourth set of error
microphones (E,,) 22d is configured to detect a fourth error
signal 1164 within Zone D.

[0033] In some embodiments, the cabin noise detected by
the receiver microphones 20 includes engine noise audible
within the vehicle cabin 16 and detected by the receiver
microphones 20. In other embodiments, for example, as
shown in FIG. 1, the engine noise or sound can be provided
by an engine microphone (M) 26 positioned in an engine 28
(or engine block) of the vehicle 10 and output as an engine
sound signal 124 by the microphone 26 for augmenting or
adjusting the engine noise audible within each audio zone
12. The engine microphone 26 may be any type of device
suitable for detecting sound within the engine 28. In some
cases, the engine microphone 26 is a microphone configured
to pick up or capture audible sounds produced by the engine
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28. In other cases, the microphone 26 may be a sensor, such
as an accelerometer, that is configured to generate the engine
sound signal 124 based on a current operating condition of
the engine 28 detected by the sensor, where the operating
condition can be indicative of the level of engine noise.

[0034] Insome embodiments, the engine sound signal 124
can be provided to the noise control module 118 to cancel or
reduce the engine noise audible within the audio zone 12. In
other embodiments, for example, as shown in FIG. 2, the
engine microphone 26 can be configured to provide the
engine sound signal 124 to an engine sound module 126
included in the audio control module 102. In embodiments,
the engine sound module 126 can be configured to augment
or increase the engine noise, as needed based on user-
selected engine noise settings for each audio zone 12, and
produce an augmented or adjusted engine noise signal 128
for each audio zone 12. The audio control module 102 may
include an audio mixer 129 for combining the adjusted
engine noise signals 128a, 1285, 128¢, and 1284 with
corresponding input audio signals 110a, 1105, 110¢, and
1104 and corresponding anti-noise signals 1084, 1085, 108¢,
and 1084 in order to produce the audio output signal 104q,
10456, 104c, and 104d for each of the audio zones 12a, 125,
12¢, and 124, respectively.

[0035] Referring back to FIG. 1, the vehicle 10 also
includes a vehicle display 30 that can be configured to
display one or more audio user interfaces (UI) 32 for
controlling various components of the vehicle audio system
100. The vehicle display 30 can be a display screen included
in a human machine interface (such as, e.g., human machine
interface (HMI) 210 shown in FIG. 5) of the vehicle 10 or
other vehicle unit capable of displaying information. For
example, as shown in FIG. 1, the vehicle display 30 may be
included in a dashboard 34 or instrument, panel (such as,
e.g., instrument panel 216 shown in FIG. 5) of the vehicle
10. In other cases, the vehicle display 30 may be a separate
media display screen (such as, e.g., display 214 shown in
FIG. 5) for displaying vehicle infotainment information,
such as, for example, navigation system information, audio
system information, etc. In some embodiments, the vehicle
display 30 can be an independent display screen, or head
unit display, included in the vehicle 10 and dedicated to
displaying the audio user interfaces 32 for individual user
control.

[0036] In some embodiments, the vehicle display 30 can
be on a display screen that is associated with the vehicle 10
and included in an external computing device (not shown)
that is communicatively coupled, via a wireless network
connection, to a cloud server or service center associated
with the vehicle, or a manufacturer of the vehicle. The
remote computing device can be configured for displaying
the user interfaces 32 for enabling user control of the vehicle
audio system 100 by a vehicle occupant, operator, or other
authorized individual. In some cases, the remote computing
device may also be configured for displaying other vehicle
infotainment information (such as, e.g., a FORD SYNC
application). For example, the vehicle display 30 may be a
display screen of a mobile device that includes a mobile
application paired to the vehicle 10, or more specifically, to
a vehicle computing system therein (such as, e.g., vehicle
computing system (VCS) 200 shown in FIG. 5), for dis-
playing vehicle infotainment information and/or the user
interfaces 32. In another embodiment, the vehicle display 30
can be a display screen of a computer, laptop, tablet, or other
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personal computing device that can access a website or
cloud-based application for displaying vehicle infotainment
information and/or the user interfaces 32.

[0037] As shownin FIGS. 1 and 2, each of the audio zones
12 can be associated with a separate user interface 32 for
controlling the audio settings for that zone 12. For example,
a user interface 32a can be configured to enable user control
of the audio settings for Zone A, a user interface 3256 can be
configured to enable user control of the audio settings for
Zone B, a user interface 32¢ can be configured to enable user
control of the audio settings for Zone C, and a user interface
32d can be configured to enable user control of the audio
settings for Zone D.

[0038] In embodiments, the user interfaces 32 can include
controls for selection of an audio zone 12 to configure,
selection of the audio source(s) 112 that will be audible in
the selected audio zone 12, and selection of a volume level
for audio being played within the selected audio zone 12,
among other audio settings (e.g., equalizer settings, fade and
other speaker settings, etc.) The user interfaces 32 can also
include controls for enabling selection of the boundary lines
for the audio zones 12, an option to select which speakers 18
are included in each zone 12, for example, by providing an
option to combine two or more audio zones 12 to form a
larger zone, an option to select which vehicle seats 14 are
included in each zone 12, or other options to define the
boundaries of each audio zone 12.

[0039] In a preferred embodiment, the user interfaces 32
further include controls, or input devices, for enabling
user-selection of the sound isolation effect provided to each
audio zone 12. In such cases, each user interface 32 can
include inputs or options for selecting a level or value for
various noise control settings, such as, for example, a cabin
noise cancellation or reduction setting, an engine noise
augmentation or adjustment setting, an in-cabin noise reduc-
tion setting, a road noise reduction setting, and/or an HVAC
noise reduction setting. The user-selected value for each
noise control setting can determine which unwanted cabin
noise(s) remain audible within a given zone 12, if any, and
the degree to which the cabin noise(s) are audible.

[0040] For example, the user-selected value for the cabin
noise setting may represent a gain that is applied to the
anti-noise signal 108 to control how much cabin noise, if
any, can be heard within the zone 12. Likewise, the user-
selected value for the engine sound setting may represent a
gain that is applied to the engine sound signal 124 to control
how much augmentation, if any, is applied to the engine
sound within the zone 12. In some cases, the noise control
module 118 can differentiate between different components
of the cabin noise input signals 114 based on known sound
sources, such as, for example, the input audio signals 110
that are being supplied by the audio sources 112 to each
audio zone 12. In such cases, the user-selected value for a
given setting may represent a gain that is applied to a known
component of the cabin noise input signal 114 (such as, e.g.,
input audio signals 110), or conversely, a remaining or
unknown component of the cabin noise input signal 114
(e.g., road noise, HVAC noise, and/or other occupant(s)
noise), as part of the anti-noise generation process per-
formed by the noise control module 118.

[0041] To illustrate, FIG. 3 shows an exemplary user
interface 32a configured to enable control of the sound
isolation effect provided to example audio zone 12a (or Zone
A), in accordance with embodiments. As shown, the user
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interface 32a includes an engine sound control 36 for
selecting an engine sound value 37 and a cabin noise control
38 for selecting a cabin noise value 39. In other embodi-
ments, the user interface 32a may include additional con-
trols (not shown) for selecting, for example, an in-cabin
noise value, a road noise value, and/or other noise control
values, as described herein.

[0042] The selected engine sound value 37 can represent
a gain to be applied to the engine sound signal 124 included
in the audio output signal 104a, or other value for control-
ling engine noise augmentation within the audio zone 12a.
As an example, a zero gain value may be selected if the
vehicle occupant (e.g., driver) of the audio zone 12a does
not want to hear any engine noise or wants to turn off the
engine noise augmentation effect (e.g., a zero or minimum
engine noise output). A maximum gain value may be
selected if the vehicle occupant wants to augment the engine
noise to a highest amplitude or experience a full engine noise
augmentation effect (e.g., a maximum engine noise output).
Intermediate gain values, such as the engine sound value 37
shown in FIG. 3, may be selected if the vehicle occupant
wants to select a specific level of engine noise augmentation
(e.g., high, low, medium).

[0043] Likewise, the cabin noise value 39 can represent a
gain to be applied to the anti-noise signal 108« included in
the audio output signal 1044, or other value for controlling
noise cancellation or reduction within the audio zone 12a.
As an example, a zero gain value may be selected if the
vehicle occupant does not want to hear any cabin noise or
wants to experience a full noise cancellation effect (e.g., a
zero or minimum cabin noise output). A maximum gain
value may be selected if the vehicle occupant wants to hear
all of the audible cabin noise or turn off the noise cancel-
lation effect (e.g., a maximum cabin noise output). Interme-
diate gain values, such as the cabin noise value 39 shown in
FIG. 3, may be selected if the occupant wants to reduce the
amount of cabin noise or experience a noise reduction effect,
rather than noise cancellation, the selected value indicating
the desired amount of noise reduction (e.g., high, low,
medium).

[0044] In the illustrated embodiment, the controls 36 and
38 are depicted as slider controls for selecting a value within
a range of 0 to 10, wherein a position of the slider controls
indicates the selected values 37 and 38. In other embodi-
ments, the controls 36 and 38 can include other types of
input devices, such as, for example, buttons or soft keys
associated with pre-configured. values, arrows or knobs for
increasing or decreasing a currently-selected value, or a data
entry field for entering a desired value. As will be appreci-
ated, though FIG. 3 only shows the user interface 32a for
Zone A, the user interfaces 325, 32¢, and 32d for the other
zones 12b, 12¢, and 12d, respectively, may be similarly
arranged and include similar controls or input devices.
[0045] Referring additionally to FIG. 2, the selected cabin
noise value 39 can be provided to the noise control module
118, or more specifically, the noise cancellation algorithm
120. The noise control module 118 generates the anti-noise
signal 1084 based on the cabin noise signal 114a received
from the microphones 20a within the audio zone 124 and
further based on the cabin noise value 39 received from the
user interface 32a. The noise control module 118 uses the
cabin noise value 39 to adjust a gain of the anti-noise signal
108a, or a level of noise cancellation/reduction provided by
the anti-noise signal 108a. The noise control module 118
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then provides the anti-noise signal 108« to the audio control
module 102 for inclusion in the audio output signal 104a.
[0046] Likewise, the engine noise value 37 can be pro-
vided to the audio control module 102, or more specifically,
the engine sound module 126. The engine sound module 126
crates the adjusted engine sound signal 128a by using the
engine sound value 37 received from the user interface 32 to
adjust a gain of the engine sound signal 124, or a level of
engine noise augmentation provided to the audio zone 12a.
The audio control module 102, or the audio mixer 129, then
combines the adjusted engine sound signal 128 with the
audio output signal 104a for presentation to the audio zone
12a.

[0047] In some embodiments, each of the separate user
interfaces 32a, 325, 32¢, and 32d can be individually dis-
played on the vehicle display 30 in response to user-
selection of the corresponding audio zone 12. In some cases,
the user may toggle between the separate user interfaces 32
using appropriate controls for selecting an audio zone. In
other cases, the user interfaces 32 may be displayed as a
group on the vehicle display 30, for example, by arranging
the user interfaces 32 side-by-side or in a tiled manner.
Occupant control of the user interfaces 32 may depend on a
position of the vehicle display 30 within the vehicle cabin
16. For example, if the vehicle display 30 is positioned in a
front of the vehicle 10, then the user interfaces 32 may be
controlled by the vehicle driver or front passenger, and if the
vehicle display 30 is positioned in a rear of the vehicle 10,
then the user interfaces 32 may be controlled by one or more
rear passengers.

[0048] In other embodiments, in addition to the vehicle
display 30, the vehicle 10 can include one or more inde-
pendent display units or head unit displays (such as, e.g.,
control units 218 shown in FIG. 5) that are physically
located at predetermined position(s) within the vehicle cabin
16 for providing additional access to the user interfaces 32.
In some cases, an additional display unit can be positioned
adjacent to each row of seats to enable the occupants of each
row to have access to the user interface 32 associated with
that row. For example, though not shown in FIG. 1, the
additional control unit may be positioned in the rear of the
vehicle cabin 16, for example, between the vehicle seats 14¢
and 14d, and may be configured to present the user inter-
faces 32¢ and 324 for access by the occupants of the rear
seats 14¢ and 14d. In other cases, an additional display unit
may be positioned within each of the audio zones 12, or
adjacent to the corresponding vehicle seats 14, and may be
configured to present the user interface 32 associated with
that zone 12, as shown in FIG, 1. In such cases, the
occupant(s) of each audio zone 12 can have direct control
over the audio settings for that zone 12.

[0049] Referring now to FIG. 4, shown is an exemplary
representation of the audio zone 12a created during opera-
tion of the audio system 100 of FIG. 2, in accordance with
embodiments. The audio zone 12a can be configured to
provide a personalized audio output signal 104a to an
occupant A seated in the driver seat 14a of the vehicle 10
shown in FIG. 1. In embodiments, an overall sound 130, as
perceived by the occupant A, can be produced as a result of
a summation operation performed when sound waves ema-
nating from a number of sources combine, either construc-
tively or destructively, within a volume representative of the
audio zone 12a. In the illustrated embodiment, the overall
sound 130 is produced by combination of the following
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sounds: the input audio signal 110a and the adjusted engine
noise signal 128a presented by the speakers 18a to the
occupant A, unwanted cabin noise 132 generated by noise
sources 24, and the anti-noise signal 108a generated in
response to detection of the noise 132 by the microphones
20a (not shown) directed towards Zone A. The adjusted
engine noise signal 128a can represent the engine noise
signal 124 adjusted according to a level of augmentation, or
gain, determined based on the engine sound value 37 entered
into the user interface 32a shown in FIG. 3. For example, if
the engine sound value 37 is set to an intermediate value, as
shown in FIG. 3, the overall sound 130 will include an
audible engine noise component along with the input audio
signals 110a.

[0050] In embodiments, the anti-noise signal 108a
destructively interferes with the unwanted cabin noise 132
according to a level of destruction, or gain, determined by
the cabin noise value 39 entered into the user interface 32a.
For example, if the cabin noise value 39 is set to zero, the
overall sound 130 experienced by the occupant A may
primarily represent the input audio signal 110a and the
augmented engine sound signal 128. if, on the other hand,
the cabin noise value 39 is set to an intermediate value, as
shown in FIG. 3, the overall sound 130 experienced by the
occupant A may include a reduced cabin noise component
along with the signals 110a and 128. As will be appreciated,
while FIG. 3 only shows the audio zone 124, the other audio
zones 12b, 12¢, and 124, or any combination thereof, may be
created in a similar manner using corresponding components
of the audio system 100.

[0051] Referring back to FIG. 2, various components of
the audio system 100 can be included in the vehicle cabin 16,
the vehicle seats 14, the vehicle computing system of the
vehicle 10, or on an external device in communication with
a telematics unit of the vehicle 10 (such as, e.g., telematics
control unit 212 shown in FIG. 5). In embodiments, the
audio system 100 can be communicatively coupled to a
vehicle computing system (such as, e.g., vehicle computing
system (VCS) 200 shown in FIG. 5) of the vehicle 10 in
order to carry out the features of the invention. As shower
FIG. 2, the audio control module 102 of the audio system
100 can be communicatively coupled to the user interfaces
32 (or the device(s) displaying the interfaces 32), the audio
sources 112, the engine microphone 26, the audio speakers
18, and the ANC system 106. As also shown, the noise
control module 118 can be communicatively coupled to the
microphones 20 and 22 included in each of the audio zones
12. In embodiments, the components of the audio system
100 can communicate with each other and/or components of
the vehicle computing system using wired or wireless con-
nections. If communicating wirelessly, the audio system 100
may further include one or more transmitters (not shown) for
wirelessly transmitting output signals to other components.

[0052] In embodiments, the plurality of speakers 18 can
include any type of audio speaker suitable for audio play-
back within the vehicle cabin 16 and can include, for
example, woofers, sub-woofers, tweeters, super-tweeters,
and mid-range speakers. In one embodiment, the speakers
18 can include ultrasonic speakers configured to focus
directional sound beams towards each audio zone 12.
Though not shown, the speakers 18a, 185, 18¢, and 184 can
be located in a vehicle roof area above each audio zone 12
or seat 14, in a vehicle door and/or pillar that is closest to
each audio zone 12 or seat 14, in a headrest of each vehicle
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seat 12, or in other suitable locations of the vehicle cabin 16.
The exact location and number of speakers 18 within the
vehicle cabin 16 can vary depending on the type of vehicle
10 (e.g., sedan, van, SUV, etc.), the configuration of the
audio zones 12, and the type of audio speaker 18. For
example, a fewer number of speakers 18 may be needed if
there are fewer audio zones 12, such as, a single front audio
zone covering the front seats 14a and 145 and a single rear
audio zone covering the rear seats 14¢ and 14d.

[0053] In some embodiments, in addition to the speakers
S4 Sz, Se, and Sy, the audio speakers 18 can include a
plurality of conventional vehicle speakers 18e¢ positioned
around a perimeter of the vehicle cabin 16, for example, at
front-left (FL) and front-right (FR) corners of the vehicle
dashboard 34 and at rear-left (RL) and rear-right (RR)
corners of a rear shelf 40 of the vehicle 10, as shown in FIG.
1. The conventional vehicle speakers 18e can be selectively
configured to provide one or more components of the audio
output 104 based on the configuration of the audio zones 12.
For example, in the illustrated embodiment, the FL. speaker
18¢ may contribute to creating the audio zone 124, the FR
speaker 18¢ may contribute to creating the audio zone 125,
the RL speaker 18¢ may contribute to creating the audio
zone 12¢, and the RR speaker 18e may contribute to creating
the audio zone 124. In other cases, the speakers S, Sz, Sc,
and S, may include one or more of, or may be positioned in
the illustrated locations of, the FL, FR, RL, RR speakers
18e. In still other cases, the vehicle 10 may include only the
FL, FR, RL, RR speakers 18¢ for presenting the audio output
104. The exact configuration and number of speakers 18 can
depend on the type of vehicle 10.

[0054] According to embodiments, the microphones 20
and 22 can include any type of microphone or other sensor
suitable for detecting audio signals within the vehicle cabin
16. Though not shown, the receiver microphones 20 and the
error microphones 22 can be positioned on, or adjacent to,
the vehicle seat 14 within the audio zone 12 and directed
towards the ears of the vehicle occupant seated in the vehicle
seat 14. As an example, the microphones 20 and/or 22 may
be positioned within the headrest of each seat 14, in the
vehicle roof area above each zone 12 or seat 14, and/or in the
vehicle door or pillar that is closest to each zone 12 or seat
14.

[0055] In some embodiments, the exact number of micro-
phones 20 and 22 included in each audio zone 12 may be
different depending on the configuration of the zone 12
and/or the vehicle seat 14 included therein, and the sound
isolation characteristics desired for each. For example, a
greater number of microphones 20, 22 may be directed
towards the driver seat 14a than towards the other passenger
seats 14b, 14c¢, or 14d in order to provide a more precise
sound isolation effect for the driver. As another example, a
greater number of microphones 20, 22 may be directed
towards the rear passenger seats 14¢ and 144 than the front
seats 14a and 144 in order to provide a quieter ride, or
increased sound isolation effect, for the rear passengers as
compared to the front passengers.

[0056] According to embodiments, each of the audio
control module 102, the engine sound module 126, and the
noise control module 118 can be implemented in hardware,
software, or a combination thereof. In some embodiments,
the modules 102, 126, and/or 118 comprise program mod-
ules or software instructions stored in a data storage device
(such as, e.g., data storage device 202 shown in FIG. 5) and
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executed by a data processor (such as, e.g., data processor
204 shown in FIG. 5) of the vehicle computing system, as
described in more detail below. In other embodiments, the
audio system 100 can include an electronic control unit
(ECU) or other electronic data processor configured to
execute the modules 102, 126, and/or 118, for example,
using software instructions stored in a memory of the audio
system 100.

[0057] Referring now to FIG. 5, shown is example vehicle
computing system (VCS) 200 that may be included in the
vehicle 10, for example, as part of a vehicle electronics
system or an infotainment system of the vehicle 10, in
accordance with embodiments. The VCS 200 may be an
infotainment system such as the SYNC® system manufac-
tured by FORD MOTOR COMPANY®. Other embodi-
ments of the VCS 200 can include different, fewer, or
additional components than those described below and
shown in FIG. 5.

[0058] As illustrated, the VCS 200 can include data stor-
age device 202, data processor 204 (e.g., an electronic data
processor), and a vehicle data bus 206. The VCS 200 can
further include various electronic control units (ECUs)
responsible for monitoring and controlling the electrical
systems or subsystems of the vehicle 10. Each ECU may
include, for example, one or more inputs and outputs for
gathering, receiving, and/or transmitting data, a memory for
storing the data, and a processor for processing the data
and/or generating new information based thercon. In the
illustrated embodiment, the ECUs of the VCS 200 include
the audio system 100, an engine control unit 208, human-
machine interface (HMI) 210, and telematics control unit
(TCU) 212. Though not shown, the VCS 200 may include
other ECUs, such as, for example, a body control module
(BCM) for controlling and monitoring various electronic
accessories in a body of the vehicle 10 and a transmission
control module for controlling and monitoring the transmis-
sion of the vehicle 10.

[0059] The ECUs of the VCS 200 are interconnected by
the vehicle data bus 206 (such as, e.g., a controller area
network (CAN) bus or an automotive Ethernet bus), which
passes data to and from the various ECUs, as well as other
vehicle and/or auxiliary components in communication with
the VCS 200. Further, the data processor 204 can commu-
nicate with any one of the ECUs and the data storage device
202 via the data bus 206 in order to carry out one or more
functions, including the functions associated with the audio
system 100.

[0060] The engine control unit 208 is an ECU for con-
trolling and monitoring the engine 28 of the vehicle 10. In
some embodiments, the engine control unit 208 is combined
with the transmission control unit and included in a single
ECU, such as, a powertrain control module (PCM). As
shown, the engine control unit 208 can include, or be
communicatively coupled to, the engine microphone 26 for
detecting or capturing a sound of the engine 28 and can
provide the engine sound signal 124 to the audio system 100
via the vehicle data bus 206.

[0061] As shown in FIG. 5, the audio system 100 can
include, or be communicatively coupled to, the plurality of
speakers 18 and the ANC system 106 shown in FIG. 2.
Though not shown, the audio system 100 can include an
AM/FM radio receiver or tuner, an amplifier for driving an
audio signal to the speakers 18 or other audio output devices,
and one or more media devices (e.g., tape player, CD player,
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DVD player, satellite radio, auxiliary devices, etc.). In some
embodiments, the audio system 100 forms part of a pre-
installed infotainment system or other original equipment
manufacturer (OEM) system of the vehicle 10. In other
embodiments, the audio system 100 comprises a head unit
that is installed in the vehicle 10 after-market, for example,
by coupling the head unit to the speakers 18 and other OEM
components of the vehicle computing system 200.

[0062] The human-machine interface (HMI) 210 (also
referred to as a “user interface™) can be an ECU for enabling
user interaction with the vehicle 10 and for presenting
vehicle information to the vehicle operator or driver.
According to embodiments, one or more components of the
HMI 210 can be configured to present the separate user
interfaces 32a, 325, 32¢, and 32d for controlling the audio
settings for each audio zone 12, for example, as shown in
FIG. 3. As shown, the HMI 210 includes at least one media
display 214, an instrument panel (IP) 216, and in some
cases, one or more audio zone control units 218. Though not
shown, the HMI 210, and/or any of the devices included
therein, can include one or more input devices and/or output
devices for inputting, entering, receiving, capturing, display-
ing, or outputting data associated with the vehicle comput-
ing system 200, the audio system 100, and/or the techniques
disclosed herein.

[0063] The HMI 210 can be configured to interact with the
other ECUs of the VCS 200 and/or the data processor 204
via the data bus 206 in order to provide information or inputs
received via the HMI 210 to an appropriate component of
the VCS 200 and to present, to the vehicle operator or
occupant, information or outputs received from the various
components of the VCS 200. For example, when the HMI
210 receives inputs intended for controlling one or more
aspects of the audio system 100 (e.g., via the user interfaces
32), the HMI 210 can send the inputs to the audio system
MO via the vehicle data bus 206.

[0064] As shown, the HMI 210 includes the instrument
panel 216 (also referred to as a “dashboard” or “cluster”),
which comprises a control panel positioned in front of the
driver’s seat for housing instrumentation and controls for
operation of the vehicle 10. The instrument panel 216 can
include a steering wheel and various gauges (e.g., speed-
ometer, odometer, fuel gauge, etc.), as well as various
vehicle indicators, such as, for example, a selected position
of a gear selector, seat belt warnings or notifications, low
fuel, low tire pressure, etc. In some cases, the instrument
panel 216 includes a display screen for electronically or
digitally displaying the various gauges, or values related
thereto, the various vehicle indicators, and other vehicle
information. In some embodiments, one or more of the audio
user interfaces 32 are displayed on the instrument panel 216.
[0065] The HMI 210 also includes at least one media
display screen 214 separate from the instrument panel 216
for displaying additional vehicle information, such as, for
example, navigation system information, audio system
information, video captured by an external vehicle camera
(not shown), heating and air/conditioning information, etc.
In a preferred embodiment, the audio user interface 32 is
presented on the media display screen 214, for example, as
shown in FIG. 3. In such cases, the media display screen 14
may be configured to display all of the audio user interfaces
32, either individually or as a group, and user inputs can be
received via touch inputs or user-selection of keys, buttons,
or other input devices associated with the media display 214.
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For example, the HMI 210 can be configured to enable the
user to toggle through the different audio user interfaces 32
and/or audio zones 12 on the display screen 214 using the
input devices of the HMI 210. In such cases, the media
display screen 214 displays each user interlace 32 one at a
time. In another example, the HMI 210 can be configured to
display all of the user interfaces 32 at once but with separate
input controls 36, 38 for each user interface 32. In such
cases, the group of audio user interfaces 32 can be displayed
side-by-side, or as tiles in a grid, on the media display screen
214.

[0066] In other embodiments, instead of, or in addition to,
presenting the user interfaces 32 on the media display 214 or
the instrument panel 216, the HMI 210 includes audio zone
control units 118 positioned within, or adjacent to, each
audio zone 12. In such cases, the vehicle occupant seated in
each audio zone 12 can use the dedicated control unit 218 to
personalize the audio output presented to his/her audio zone
12. The zone control units 218 can be any type of user
interface console and can include a touch screen, a standard
display screen, and/or physical input devices, such as knobs,
buttons, keys, sliders, dials, switches, keyboards, keypads,
pointing devices, etc. In some embodiments, a first control
unit 218 may be provided in, or adjacent to, the Zone A and
can be configured to display the user interface 32a shown in
FIG. 3; a second control unit 218 may be provided in, or
adjacent to, the Zone B and configured to display the user
interface 32b; and so forth. In other embodiments, the
control units 218 can be implemented with dedicated hard-
ware or control panels that are communicatively coupled to,
or included in, the HMI 210 and include the user interface
controls 36 and 38 for controlling the sound isolation effect
provided to each audio zone 12.

[0067] The TCU 212 can be an ECU for enabling the
vehicle 10 to connect to one or more wireless networks, such
as, for example, WiFi, WiMax, cellular (e.g., GSM, GPRS,
LTE, 3G, 4G, CDMA, etc.), Bluetooth, near-field commu-
nication (NFC), radio-frequency identification (RFID), sat-
ellite, dedicate short-range communication (DSRC), Global
Positioning System (GPS), and infrared networks. In
embodiments, the TCU 212 includes a wireless communi-
cation module 220 comprising one or more antennas, radios,
modems, receivers, and/or transmitters (not shown) for
connecting to, or interfacing with, the various wireless
networks.

[0068] In some cases, the TCU 212 can receive external
data via the wireless communication module 220 from one
or more external devices (not shown) associated with the
vehicle 10, such as, for example, a key fob (not shown), a
user device paired to the vehicle, and/or a remote server
communicatively coupled to the TCU 212. In such cases, the
TCU 212 provides the received external data to an appro-
priate ECU of the VCS 200. In some cases, the TCU 212 can
also receive internal data from one or more ECUs and/or the
data processor 204 with instructions to transmit the internal
data to an external device associated with the vehicle 10.

[0069] For example, the TCU 212 can enable the VCS
200, or the vehicle 10, to pair with a user device (e.g., mobile
phone, tablet, personal computer, etc.) of the vehicle opera-
tor, using Bluetooth, WiFi, cellular, or other wireless com-
munication network and/or via a remote server associated
with a manufacturer of the vehicle 10, the VCS 200, and/or
an infotainment system of the vehicle 10, such as the FORD
SYNC® system. The user device may be configured to
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display the audio user interfaces 32 to enable user-control of
the sound isolation effect provided to each audio zone 12
within the vehicle 10, and other audio settings. For example,
the user device may display the audio user interface 324 for
Zone A shown in FIG. 3. The VCS 200 may send data
pertaining to the audio user interfaces 32 to the vehicle
operator or other user through the user device and/or the
mobile application, in addition, the VCS 200 may receive
inputs or values entered via the user interfaces 32 from the
user device. In some cases, the user device may display, and
provide access to, the user interface 32 via a mobile appli-
cation running on the user device. In other cases, the user
device may display, and provide access to, the user interface
32 via a website hosted by the remote server.

[0070] The data processor 204 can comprise one or more
of a microprocessor, a microcontroller, a programmable
logic array, an application-specific integrated circuit, a logic
device, or other electronic device for processing, inputting,
outputting, manipulating, storing, or retrieving data. In
embodiments, the VCS 200 can comprise a general purpose
computer that is programmed with various programming
instructions or modules stored in the data storage device 202
e.g., electronic memory), or elsewhere.

[0071] The data storage device 202 can comprise one or
more of electronic memory, nonvolatile random access
memory (e.g., RAM), flip-flops, a computer-writable or
computer-readable storage medium, a magnetic or optical
data storage device, a magnetic or optical disc drive, a hard
disk drive, or other electronic device for storing, retrieving,
reading, or writing data. The data storage device 202 stores
one or more software program modules or software instruc-
tions, including the audio control module 102, the noise
control module 118, and/or the engine sound module 1.26
for execution by the data processor 204. As shown in FIG.
5, in some cases, the data storage device 202 also stores the
audio user interfaces 32, or graphics and other data used to
generate the user interfaces 32, and provides the same to the
display 214 and/or the control units 218 for display thereon
during operation of the audio system 100.

[0072] FIG. 6 illustrates an example method 600 for
providing a user-controlled sound isolation effect to each of
a plurality of audio zones in a vehicle (such as, e.g., the
audio zones 12 of the vehicle 10 shown in FIG. 1), in
accordance with embodiments. The method 600 can be
carried out by one or more processors (or controllers)
included in, for example, a vehicle audio system (such as,
e.g., the vehicle audio system 100 shown in FIG. 2) and/or
a vehicle computing system (such as, e.g., the vehicle
computing system (VCS) 200 shown in FIG. 5). In one
embodiment, the method 600 is implemented, at least in
part, by the data processor 204 of the VCS 200 executing
software stored in the data storage device 202, such as, e.g.,
the audio control module 102 and/or the noise control
module 118, and interacting with one or more components
of the VCS 200 and/or the vehicle audio system 100
included therein.

[0073] The method 600 can begin at step 602, where the
processor and/or the audio system presents, for each audio
zone, a separate user interface (such as, e.g., audio user
interfaces 32 shown in FIG. 2) including a plurality of
source-specific noise controls, such as, for example, an
engine sound control (such as, e.g., control 36 shown in FIG.
3) and a cabin noise control (such as, e.g., control 38 shown
in FIG. 3). For example, each user interface may be dis-
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played on a vehicle display (such as, e.g., the media display
screen 214 and/or the control units 218 shown in FIG. 5) and
may be configured to receive user inputs via the engine
sound control, the cabin noise control, and any other source-
specific noise controls (e.g., a road noise control, an occu-
pant noise control etc.). In a preferred embodiment, the
engine sound control, the cabin noise control, and any other
noise controls are presented on the user interface as slider
controls configured to enable a user to slidably select a value
within a specified range, for example, as shown in FIG. 3.

[0074] At step 604, the processor and/or the audio system
generates an output (such as, e.g., audio output signals 104
shown in FIG. 2) for each audio zone based on a first value
(such as, e.g., the value 37 shown in FIG. 2) received from
the engine sound control and a second value (such as, e.g.,
the value 39 shown in FIG. 2) received from the cabin noise
control of the corresponding user interface, as well as any
other noise control values received from the user interface.
In embodiments, the first value is an engine sound gain, or
a gain of an engine noise component of the audio output
presented by the vehicle audio system to the corresponding
audio zone. As such, the first value can determine an engine
noise augmentation level for the audio zone. Also in embodi-
ments, the second value is a cabin noise gain, or a gain of an
anti-noise component of the audio output. As such, the
second value can determine a noise cancellation or reduction
level for the audio zone. Through user-selection of the first
value, the second value, and any other noise control values,
the user can personalize the sound isolation effect provided
to each audio zone, for example, by turning cabin noise
cancellation on/off or selecting a specific level of noise
reduction therebetween, and/or by turning engine sound
augmentation on/off or selecting a specific level of augmen-
tation therebetween.

[0075] According to embodiments, generating the audio
output for each audio zone includes combining an anti-noise
signal (such as, e.g., the anti-noise signals 108 shown in
FIG. 2), an adjusted engine sound signal (such as, e.g., the
adjusted engine sound signals 128 shown in FIG. 2), and a
user-selected audio signal (such as, e.g., the audio input
signals 110 shown in FIG. 2). The adjusted engine sound
signal can be generated by the audio system and/or proces-
sor based on the first value and an engine noise detected by
a microphone adjacent to a vehicle engine (such as, the
engine microphone 26 in the engine 28, as shown in FIG. 1).
The anti-noise signal can be generated by the audio system
and/or processor based on the second value and a cabin noise
signal (such as, e.g., signals 114 shown in FIG. 2) detected
by a plurality of microphones associated with the corre-
sponding audio zone (such as, e.g., the receiver microphones
20 shown in FIG. 2). In some cases, the anti-noise signal for
each audio zone is generated based further on a noise
cancellation error signal (such as, e.g., the errors signal 116
shown in FIG. 2) detected by a plurality of error micro-
phones associated with the audio zone (such as, e.g., the
error microphones 22 shown in FIG. 2).

[0076] In some embodiments, the method 600 further
includes step 606, wherein the processor and/or the audio
system provides the audio output generated at step 604 for
each audio zone to a plurality of speakers (such as, e.g., the
speakers 18 shown in FIG. 1) associated with the audio zone.
In embodiments, each audio zone can be associated with two
or more speakers that are directed towards the audio zone
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and configured to output only the audio signals selected for
that audio zone. The method 600 may end after step 606.
[0077] Incertain embodiments, the process descriptions or
blocks in the figures, such as FIG. 6, can represent modules,
segments, or portions of code which include one or more
executable instructions for implementing specific logical
functions or steps in the process. Any alternate implemen-
tations are included within the scope of the embodiments
described herein, in which functions may be executed out of
order from that shown or discussed, including substantially
concurrently or in reverse order, depending on the function-
ality involved, as would be understood by those having
ordinary skill in the art.

[0078] It should be emphasized that the above-described
embodiments, particularly, any “preferred” embodiments,
are possible examples of implementations, merely set forth
for a clear understanding of the principles of the invention.
Many variations and modifications may be made to the
above-described embodiment(s) without substantially
departing from the spirit and principles of the techniques
described herein. All such modifications are intended to be
included herein within the scope of this disclosure and
protected by the following claims.

1. A vehicle, comprising:

a communication interface to connect to a mobile device;

and

an audio system configured to:

create a plurality of audio zones within the vehicle
cabin; and

display, via the mobile device communicatively
coupled to the communication interface, a user inter-
face comprising a vehicle sound control and a cabin
noise control for one of the plurality of audio zones,
wherein the vehicle sound control and cabin noise
control are to adjust audio outputs provided to the
corresponding one of the plurality of audio zones.

2. The vehicle of claim 1, wherein the audio system is
configured to display the user interface for the one of the
plurality of audio zones based on the one of the plurality of
audio zones in which the mobile device is located.

3. The vehicle of claim 1, wherein the audio system
includes an audio control module configured to generate the
audio output for the one of the plurality of audio zones based
on a first value received from the vehicle sound control and
a second value received from the cabin noise control dis-
played on the mobile device.

4. The vehicle of claim 3, wherein the audio system
includes a plurality of speakers configured to present, to
each of the plurality of audio zones, the audio output
generated for the corresponding one of the plurality of audio
zones.

5. The vehicle of claim 3, wherein the audio control
module includes a noise cancellation module, and the audio
output for the one of the plurality of audio zones includes an
anti-noise output signal generated by the noise cancellation
module.

6. The vehicle of claim 5, wherein the audio system
includes a plurality of receiver microphones configured to
detect, for each of the plurality of audio zones, a cabin noise
within the corresponding audio zone, and wherein the sec-
ond value is a cabin noise gain for the one of the plurality
of audio zones, and wherein for the one of the plurality of
audio zones, the noise cancellation module is configured to
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generate the corresponding anti-noise output signal based on
the cabin noise and the cabin noise gain.

7. The vehicle of claim 6, Wherein the audio system
includes a plurality of error microphones configured to
detect, for each of the plurality of audio zones, a noise
cancellation error signal for the corresponding audio zone,
and wherein for the one of the plurality of audio zones, the
noise cancellation module is configured to generate the
corresponding anti-noise output signal based further on the
noise cancellation error signal.

8. The vehicle of claim 1, wherein the engine sound
control and the road noise control one the user interface each
include a slider control for enabling user selection of the
corresponding value.

9. A method of providing user-controlled sound isolation
in a plurality of audio zones within a vehicle, the method
comprising:

connecting, via a communication interface, to a mobile

device;

creating, via an audio system, a plurality of audio zones

within the vehicle cabin; and

displaying, via the mobile device, a user interface com-

prising a vehicle sound control and a cabin noise
control for one of the plurality of audio zones, wherein
the vehicle sound control and cabin noise control are to
adjust audio outputs provided to the corresponding one
of the plurality of audio zones.

10. The method of claim 9, wherein displaying the user
interface for the one of the plurality of audio zones includes
displaying the user interface for the one of the plurality of
audio zones based on the one of the plurality of audio zones
in which the mobile device is located.
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11. The vehicle of claim 10, further comprising generating
the audio output for the one of the plurality of audio zones
based on a first value received from the vehicle sound
control and a second value received from the cabin noise
control displayed on the mobile device.

12. The method of claim 11, further comprising present-
ing, via a plurality of speakers, the audio output generated
for the corresponding one of the plurality of audio zones.

13. The method of claim 11, wherein the audio output for
the one of the plurality of audio zones includes an anti-noise
output signal generated by a noise cancellation module.

14. The method of claim 13, further comprising:

detecting, via a receiver microphone positioned in the one

of the plurality of audio zones, a cabin noise within the
corresponding audio zone, the second value being a
cabin noise gain for the one of the plurality of audio
zones; and

generating the corresponding anti-noise output signal

based on the cabin noise and the cabin noise gain for
the one of the plurality of audio zones.

15. The method of claim 14, further comprising:

detecting, an error microphone position in the one of the

plurality of audio zones, a noise cancellation error
signal; and

generating the corresponding anti-noise output signal

based further on the noise cancellation error signal.

16. The method of claim 9, wherein the engine sound
control and the road noise control one the user interface are
displayed a slider control for enabling user selection of the
corresponding value.



