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PROGRESSIVE AUDIO BALANCE AND FADE IN A MULTI-ZONE LISTENING
ENVIRONMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional application Serial Nos.

61/700,881 filed September 13, 2012 and 61/706,121 filed September 26, 2012, the disclosures of

which are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] This disclosure relates to progressive control of fade and balance in audio systems

that may be used in environments with multiple listening zones.

BACKGROUND

[0003] There are two main rationales for implementing balance and fade behavior in a multi-

loudspeaker audio system. The first is to re-position the audio image within the listening space to

accommodate particular user preferences. The second is to re-locate the audio to avoid disturbing

listeners within certain regions of the listening space. Existing audio system implementations

address either one or the other of these divergent goals but not both, leading to a non-ideal solution

in each case.

[0004] Re-positioning the audio implies that the user wants to tailor the acoustic sound field

to an individual preference, but still desires overall sound quality for all listeners. In this case it is

essential that multiple loudspeakers remain active (albeit with different gains) so that an even timbre

and proper acoustic summation is maintained throughout the listening environment. For example, if

the user chooses to fade the audio to the front, it is desirable that the rear speakers continue to play at

least a portion of their low-frequency content to avoid producing unintended acoustic dips within the

space.



[0005] In contrast, re-locating the audio implies that the user wants to isolate or focus the

audio to certain areas of the listening environment to not disturb certain listeners. In this case, the

user is willing to sacrifice some total sound quality to achieve this goal. Therefore, the loudspeakers

located near the undesirable listening zones may be completely muted to reduce the acoustic output

experienced by those listeners to the extent possible. In some cases it is also desirable to filter the

audio to remove low-frequency content due to the nature of its omni-directional propagation. This

muting and filtering provides for a non-ideal listening experience to those listeners in the active

zone.

[0006] In various types of audio systems, the user can adjust the left/right balance and

front/rear fade from a default or detent setting within a certain range. The detent positions may be

designed to provide for optimum audio output across the main listening area of an intended listening

environment. Progressively changing the balance control or input progressively moves the audio

output to the left or right of the listening environment by adjusting the signal processing of one or

more loudspeakers relative to one another. Fade control operates in a similar fashion to progressively

move the audio output toward the front or rear of the listening environment.

[0007] A simple prior-art implementation achieves this by progressively adjusting the gain

on the loudspeakers in response to each adjustment of the control away from the detent or default

position. When a control is at the end of its range, the affected loudspeakers will be muted.

However, this may result in compromising sound quality as perceived by users in one or more

listening zones. This may be particularly noticeable in applications where multiple loudspeakers

may be arranged around the listening environment, and may have different frequency responses such

as those associated with a woofer, mid-range, or tweeter, for example, to provide a desired spatial

sound image or distribution.

[0008] One solution that maintains audio quality across the range of balance/fade settings is

to modify the output of the loudspeakers by simultaneously adjusting gain, filtering, and/or other

signal processing parameters in tandem with the balance and fade controls. For these applications,

all of the loudspeakers may still be producing some acoustic output even when a balance and/or fade

control is adjusted to a maximum or minimum setting at the end of its range. However, this effect

may be inconsistent with listener expectations and result in complaints or warranty claims. For



example, listeners may expect certain speakers to have zero perceptible audio output based on

balance and/or fade being adjusted to their maximum or minimum positions.

SUMMARY

[0009] A system or method for controlling speaker acoustic output in a multi-speaker audio

system having multiple listening zones include substantially simultaneously adjusting gain and at

least one additional parameter, such as filtering and/or other signal processing parameters of at least

a first speaker relative to at least a second speaker in response to a change in balance and/or fade

settings of the audio system across a range of balance and fade settings except for a maximum or

minimum setting, and muting at least one speaker in response to the maximum or minimum balance

or fade setting.

[0010] In one embodiment, the system and method may also include adjusting the non-zero

gain of a low frequency speaker, such as a subwoofer, to provide reduced non-directional acoustic

output in response to the maximum or minimum balance or fade setting.

[0011] In one embodiment, balance and fade control is performed upstream of a spectral

manager configured to generate speaker signals to provide a desired summation of speaker acoustic

outputs within a particular listening zone.

[0012] In various embodiments, the system or method for balance and fade control is

implemented within a head unit or control unit of an audio system in a vehicle having multiple

speakers positioned within a vehicle cabin.

[0013] Systems and methods for controlling balance and fade according to the present

disclosure may include one or more control regions or ranges surrounding the detent or default

position of the balance and fade control interface. In one embodiment, a first range of balance and

fade settings results in adjusting or modifying at least a first parameter, such as gain, associated with

corresponding speakers within the listening environment. A second range of balance and fade

settings results in adjusting or modifying at least a second parameter, such as the channel mixing, for

example. The control may be implemented such that the second range adjusts both the first and

second parameters, or various combinations of the second parameter and other parameters, such as



frequency filtering, for example. Multiple control ranges may be provided with each range having

progressive adjustments to one or more associated parameters to alter the sound field within the

listening environment. In various embodiments, the multiple control ranges include a range that

results in muting at least one speaker when the balance or fade is set to the last available position.

[0014] Embodiments according to the present disclosure provide various advantages. For

example, the balance and fade control according to the present disclosure offers a hybrid approach

that operates as expected by listeners and may reduce unnecessary complaints or warranty claims.

The systems and methods of the present disclosure maintain a desired sound quality across a range

of balance and fade settings except for the maximum and minimum settings, where one or more

speakers are muted. In addition, the present disclosure provides a single implementation that

achieves both rationales for balance and fade control without modification to existing controls that

may vary based on the particular implementation of the human-machine interface (HMI). Muting of

one or more speakers can be provided without an additional control, button, knob, switch, etc. The

user can fine-tune the soundstage to individual preference by re-positioning the audio within the

listening environment over a range of balance and fade settings using all but the maximum/minimum

settings, and can also choose to reduce the audio output in certain zones of the listening environment

by moving the balance and/or fade controls to the end of their range.

[0015] Operation of the balance and fade controls and the resulting audio system

performance according to various embodiments of the disclosure is intuitive and can be transparent

to meet user expectations. For example, many users expect some output from each of the

loudspeakers with the balance and fade controls near their detent or default positions, and also

assume that at least some loudspeakers will have no output as the controls reach a

minimum/maximum setting at the end of their range.

[0016] The above advantages and other advantages and features associated with the present

disclosure will be readily apparent from the following detailed description of the preferred

embodiments when taken in connection with the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a block diagram illustrating a representative implementation of balance

and fade control in an audio system according to various embodiments of the present disclosure;

[0018] Figures 2-4 illustrate operation of a prior art implementation of balance and fade

control that compromises audio quality;

[0019] Figures 5-7 illustrate operation of a system or method for controlling speaker acoustic

output in a multi-speaker audio system having multiple listening zones that includes substantially

simultaneously adjusting gain and at least one additional parameter according to various

embodiments of the present disclosure; and

[0020] Figure 8 illustrates operation of a system or method for progressive control of speaker

acoustic output with multiple control ranges each having at least one associated control parameter

according to various embodiments of the present disclosure.

DETAILED DESCRIPTION

[0021] As required, detailed embodiments are disclosed herein; however, it is to be

understood that the disclosed embodiments are merely exemplary and may be embodied in various

and alternative forms. The figures are not necessarily to scale; some features may be exaggerated or

minimized to show details of particular components. Therefore, specific structural and functional

details disclosed herein are not to be interpreted as limiting, but merely as a representative basis for

teaching one skilled in the art to variously employ embodiments according to the disclosure.

[0022] Referring now to figure 1, a block diagram illustrating a representative

implementation of balance and fade control in an audio system according to various embodiments of

the present disclosure is shown. System 10 includes various functional blocks that may be

implemented by hardware and/or software components within a head unit or control unit of an audio

system, for example. In one embodiment, system 10 is contained within a head unit mounted in a

vehicle and connected to multiple loudspeakers positioned at various locations within a vehicle

cabin. Those of ordinary skill in the art will recognize that the balance and fade control embodiments



of the present disclosure are generally independent of the particular listening environment and may

be implemented in various types of multi-channel, multi-speaker audio systems.

[0023] In the representative embodiment illustrated in figure 1, system 10 receives a stereo

input, generally represented at 20, that includes left and right input channels. Various other types of

multi-channel inputs may be provided depending upon the particular application and

implementation. Audio input generally represented at 20 is processed based on settings for tone

control 22, which may include dynamic filter processing, for example. The output of dynamic filter

processing block 22 is provided to an upmixer 24. In the representative embodiment illustrated in

Figure 1, upmixer 24 employs well-known Logic 7 multi-channel surround-sound technology to

convert the dual channel input to multi-channel output that is provided to the balance and fade

control functions as represented at block 26. Balance and fade control 26 adjusts the gain associated

with at least one of the loudspeakers relative to the gain of at least one other loudspeaker in response

to the user-selected balance and fade inputs to modify the perceived source of the acoustic output

within the listening environment to reposition or relocate the sound field as previously described.

[0024] The adjusted multi-channel output from balance and fade control 26 is provided to

spectral manager 28. Spectral manager 28 receives the multi-channel audio input signal from balance

and fade control 26 and processes audio content to separate the audio content into a low-frequency

portion and a mid-range and/or high-frequency portion based on one or more predetermined tunable

crossover frequencies. The separated frequency portions are routed to various speakers within the

audio system to provide a tunable audio field within the listening environment. In a representative

vehicle environment, speakers may include left and right front speakers, one or more center

speakers, left and right side speakers, left and right back speakers, and a subwoofer, for example.

Front speakers may include a left front woofer, a left front mid-range, a right front woofer, and a

right front mid-range. Similarly, rear speakers may include a left rear woofer, a left rear mid-range, a

right rear woofer, and a right rear mid-range. The center speaker is generally implemented using a

mid-range speaker. Various speakers may be optimized for producing predetermined frequency

ranges. For example, a subwoofer may be optimized for producing frequencies between 20 Hz - 100

Hz, whereas a woofer may be optimized for producing frequencies between 100 Hz - 1 kHz, and a

mid-range may be optimized for frequencies between 300 Hz - 5 kHz, for example. Additional

details of a representative spectral manager 28 are described in commonly owned published patent



application US 2010/0278346 titled "Spectral Management System", the disclosure of which is

hereby incorporated by reference in its entirety. Various other operational details of a representative

system that may incorporate balance and fade control are described in commonly owned published

patent application US 201 1/0081024 titled "System For Spatial Extraction Of Audio Signals", which

is hereby incorporated by reference in its entirety.

[0025] As illustrated by the representative block diagram of figure 1, the balance and fade

control functions 26 may be placed upstream of spectral manager 28 to provide the user flexible and

dynamic control of the sound field without significantly compromising sound quality across most

settings of the balance and fade controls. The output of spectral manager 28 is provided to audio

processing block 30 which operates to provide various routing and mixing functions. An additional

external alert 32 may be provided as input to audio processing block 30. The output of audio block

30 is provided to a channel equalizer 40, which is then compensated for delays associated with

placement of various speakers around the listening environment as represented by block 42. The

output of delay compensation block 42 is provided to volume and mute control 44. Feedback from

volume and mute control 44 is provided as input to audio processing block 30. Output from volume

and mute control 44 is provided to power limiting block 46 with output from block 46 provided to

output distribution block 48 where signals are provided to various speakers located throughout the

listening environment.

[0026] As generally illustrated in the block diagram of Figure 1, the system and associated

method control speaker acoustic output in a multi-speaker audio system having multiple listening

zones by substantially simultaneously adjusting gain and at least one additional parameter, such as

filtering and/or other signal processing parameters of at least a first speaker relative to at least a

second speaker in response to a change in balance and/or fade settings of the audio system across a

range of balance and fade settings except for a maximum or minimum setting, and muting at least

one speaker in response to the maximum or minimum balance or fade setting.

[0027] Figures 2A and 2B illustrate operation and performance of a prior art audio system in

a exemplary vehicle application. As shown in figure 2A, the fade and balance controls are set so that

the front left speakers are operational while the remaining speakers of the vehicle are muted. This

results in an unbalanced frequency response as generally illustrated in Figure 2B with lower



frequencies that would otherwise also be provided by the right woofer and omnidirectional

subwoofer attenuated more significantly than frequencies above about 200 Hz. The unbalanced

frequency response illustrated in Figure 2B results in reduced audio quality.

[0028] Figures 3A and 3B similarly illustrate operation and performance of a prior art audio

system in an exemplary vehicle application. As shown in Figure 3A, the fade and balance controls

are set so that the right rear speakers are operational while the remaining speakers of the vehicle are

muted. This results in poor summation of the frequencies generated by the operational speakers as

generally illustrated in Figure 3B. Because the subwoofer is also operational, the frequency response

at the lower frequencies up to about 80 Hz exhibits a higher gain than frequencies between about

100 and 300 Hz. This unbalanced frequency response results in reduced audio quality.

[0029] Figure 4 is a chart illustrating relative gains applied at the minimum/maximum

settings of a representative prior art system. The detent position of the balance and fade control is

illustrated in the first row of Figure 4 with balanced attenuation or gain across all speakers in the

system. The first row represents balance and fade settings adjusted to attenuate the rear speakers.

This is illustrated by the relative attenuation or gain values for the left rear mid-range and right rear

midrange speakers. Similarly, each row in the table of Figure 4 represents a maximum or minimum

setting for the balance and fade controls to adjust the sound field to the front, rear, left, right, front

left, front right, rear left, and rewrite position of the listening environment, respectively. As

illustrated in figure 4, the maximum/minimum settings applied at the end of the balance and fade

control ranges of the representative prior art system do not completely mute speakers that are not

associated with a particular listening zone. For example, the rear right listening zone attenuates the

left rear and center midrange speakers although they will still provide a perceptible acoustic output.

[0030] Figures 5A and 5B illustrate operation and performance of an audio system

incorporating the balance and fade control according to various embodiments of the present

disclosure. As illustrated in Figure 5A, balance and fade control settings have been adjusted to move

or bias the sound field toward the front left listening zone. However, the right woofer and subwoofer

remain active throughout the majority of the range of the balance and fade controls with the

exception of the maximum/minimum setting. This results in proper summation of the audio signals

as generally illustrated by the flat frequency response in Figure 5B.



[0031] Similarly, Figures 6A and 6B illustrate operation and performance of an audio system

incorporating the balance and fade control according to embodiments of the present disclosure. As

illustrated in Figure 6A, balance and fade control settings have been adjusted to move or bias the

sound field toward the rear right listening zone. However, the subwoofer and right rear speakers

remain active throughout the majority of the range of the balance and fade control settings with the

exception of the maximum/minimum setting. This results in a generally flat frequency response as

illustrated in Figure 6B corresponding to superior audio quality.

[0032] Figure 7 is a chart illustrating relative gains applied at the minimum/maximum

settings of an audio system incorporating the balance and fade control according to various

embodiments of the present disclosure. The detent or default position of the balance and fade

controls is represented by the first row in the table of Figure 7 . Representative values for the relative

gains applied at the maximum/minimum settings of the balance and fade control ranges are provided

for various combinations of the balance and fade controls. The first column designates the listening

region or zone with the remaining columns having representative gain values associated with each of

the speakers indicated by the column heading.

[0033] For example, as previously described, the first row corresponds to the detent or

default/center position with no gain/attenuation applied to any of the speakers. The second row

corresponds to relative gain/attenuation applied to each speaker to move or shift the sound to the

front zone of the listening area. This would be indicated by adjusting the fade control to a maximum

(or minimum position) while the balance control remains in a detent position. As such, in this

example, a relative gain of -72 dB would be applied to the subwoofer effectively muting the

subwoofer. No relative gain adjustments (0 dB) are applied to the front speakers, which include the

left front woofer, right front woofer, left front mid, and right front mid. Relative gain values of -72

dB are applied to the left rear mid and right rear mid speakers, and no relative gain (0 dB) is applied

to the center mid speaker. In a similar fashion, the last row of Figure 7 corresponds to moving or

shifting the sound to the rear right region of the listening area by adjusting the fade control from its

detent to a maximum (or minimum) position/setting corresponding to "rear" and the balance control

to a maximum (or minimum) position/setting corresponding to "right". As indicated by the values in

the last row, this would result in a relative gain of -36 dB applied to the subwoofer, 0 dB applied to



the right rear mid speaker, and -72 dB applied to all other speakers effectively muting all by the

right rear mid and the subwoofer.

[0034] As illustrated in Figure 7, the maximum and minimum positions of the balance and

fade controls result in significantly more attenuation than the representative prior art audio system as

represented in the chart of Figure 4 . This results in effective muting of the non-intended speakers

associated with a particular balance and fade control minimum/maximum setting according to the

embodiments of the present disclosure in contrast to the prior art implementation where one or more

non-intended speakers continue to generate perceptible audio output. As such, operation of the

system is consistent with user expectations by muting the speakers that are not associated with a

particular listening zone when the corresponding balance and fade controls are set to their respective

minimum/maximum position of the control range. As previously described with respect to the block

diagram of Figure 1, in addition to the relative gain settings, at least one additional parameter, such

as filtering and/or other signal processing parameters may also be adjusted substantially

simultaneously with the relative gain adjustments to provide progressive balance and fade at various

control settings for the balance and fade controls with muting or effective muting at the

minimum/maximum settings.

[0035] As generally illustrated by the relative gain values applied to speakers in a multi-

speaker audio system having multiple listening zones, a system or method for controlling speaker

acoustic output according to the present disclosure substantially simultaneously adjust gain and at

least one additional parameter, such as filtering and/or other signal processing parameters of at least

a first speaker relative to at least a second speaker in response to a change in balance and/or fade

settings of the audio system across a range of balance and fade settings except for a maximum or

minimum setting, and mute at least one speaker in response to the maximum or minimum balance or

fade setting. By adjusting at least one additional parameter, such as filtering and/or other signal

processing parameters of at least a first speaker relative to at least a second speaker, the systems and

methods of the present disclosure maintain a desired sound quality across a range of balance and

fade settings except for the maximum and minimum settings, where one or more speakers are muted

to meet user expectations in response to a balance or fade setting at a minimum/maximum setting.



[0036] Figure 8 illustrates operation of a system or method for progressive control of speaker

acoustic output with multiple control ranges each having at least one associated control parameter

according to various embodiments of the present disclosure. While three control ranges or regions

are illustrated in the representative embodiment shown, those of ordinary skill in the art will

recognize that additional control regions may be provided each having at least one associated audio

response characteristic produced by adjusting at least one associated control parameter.

[0037] In the representative embodiment illustrated, a first control region is designated by

reference numeral 1 and represents balance and fade settings surrounding a detent, default, or middle

position. As illustrated in Figure 8, control settings within region 1 correspond to balance and fade

control settings nearest to their detent positions. At full detent, channel levels are tuned to their

design or ideal levels, which may be optimized for a particular listening environment. With

adjustment away from the detent positions, at least one parameter (gain in this example) is adjusted

to achieve audio panning.

[0038] As also shown in Figure 8, a second control zone surrounds the first control zone and

is generally represented by reference numerals 2, 3, and 4 . In region 2, the fade control setting has

progressed outside of region 1 but is not yet in region 5 (third control zone). At least one parameter

(channel mix and channel gain in this example) is adjusted in this control region so that the audio

progressively fades toward the front. This is accomplished with channel gain adjustments as well as

mixing adjustments so that the side channel mixing shifts toward the front and the rear channel

mixing shifts toward the sides. Region 3 has a similar control strategy as region 2, but with the

addition of a center channel. In region 3, the fade control has progressed outside of region 1 but is

not yet in region 5 . At least one parameter is adjusted (gain and mixing in this example) so that the

audio is progressively fading toward the rear of the listening environment. This is accomplished

with channel gains and mixing so that the front and center channel mixing shifts the virtual sound

source toward the sides, and the side channel mixing shifts toward the rear.

[0039] In region 4, the balance control has progressed outside of region 1 settings but is not

yet in region 5 . In this region the parameters, such as gain, filtering, and/or mixing, are controlled to

progressively fade to the left or right. This is accomplished with channel gains and also the left or



right channels will mix to the right or left, respectively. The center channel will also mix to the left

or right in tandem with the left and right channels.

[0040] In the third control zone represented by region 5, the balance and fade controls are at

a maximum or last available setting. One or more parameters are adjusted such that the audio is

completely faded and at least one speaker is muted by corresponding adjustment of the channel

gains. For example, the relative gains in addition to filtering and/or additional acoustic parameters

may be adjusted substantially simultaneously by the signal processor to progressively shift or fade

the acoustic field. The at least one muted or effectively muted (no perceptible audio output) speaker

corresponds the particular listening region or zone associated with the minimum/maximum

balance/fade settings. For example, a fade to the front as shown in region 5 at the top of Figure 8

results in muting of the rear speaker(s). Similarly, a setting the balance all the way to the right as

shown in region 5 at the right side of Figure 8 results in muting of the left speaker(s), etc.

[0041] As generally described above and illustrated in Figure 8, systems and methods for

controlling balance and fade according to embodiments of the present disclosure may include one or

more control regions or ranges surrounding the detent or default position of the balance and fade

control interface. In the exemplary embodiment illustrated, a first range of balance and fade settings

results in adjusting or modifying at least a first parameter, such as gain, associated with

corresponding speakers within the listening environment. A second range of balance and fade

settings results in adjusting or modifying at least a second parameter, such as the channel mixing, for

example. The control may be implemented such that the second range adjusts both the first and

second parameters, or various combinations of the second parameter and other parameters, such as

frequency filtering, for example. Multiple control ranges may be provided with each range having

progressive adjustments to one or more associated parameters to alter the sound field within the

listening environment. In various embodiments, the multiple control ranges include a range, such as

represented by region 5 in Figure 8, that results in muting at least one speaker when the balance or

fade is set to the last available position. In one embodiment, the system and method may also include

adjusting the non-zero gain of a low frequency speaker, such as a subwoofer, to provide reduced

non-directional acoustic output in response to the maximum or minimum balance or fade setting.



[0042] As those of ordinary skill in the art will appreciate, balance and fade control

according to various embodiments of the present disclosure may be implemented in various types of

listening environments and may use a digital signal processor having software and hardware to

perform various functions, such as substantially simultaneously adjusting relative gains, filtering,

channel mixing, and the like between or among speakers positioned within various regions or zones

of the listening environment. In various embodiments, the system or method for balance and fade

control is implemented within a head unit or control unit of an audio system in a vehicle having

multiple speakers positioned within a vehicle cabin..

[0043] Balance and fade control according to embodiments of the present disclosure offers a

hybrid approach that operates as expected by listeners and may reduce unnecessary complaints or

warranty claims by muting or effectively muting one or more speakers associated with a particular

listening region or zone. The systems and methods of the present disclosure maintain a desired sound

quality across a range of balance and fade settings except for the maximum and minimum settings,

where one or more speakers are muted. In addition, the present disclosure provides a single

implementation that achieves both rationales for balance and fade control without modification to

existing controls that may vary based on the particular implementation of the human-machine

interface (HMI). Muting of one or more speakers can be provided without an additional control,

button, knob, switch, etc. The user can fine-tune the soundstage to individual preference by r e

positioning the audio within the listening environment over a range of balance and fade settings

using all but the maximum/minimum settings, and can also choose to reduce the audio output in

certain zones of the listening environment by moving the balance and/or fade controls to the end of

their range.

[0044] As previously described, operation of the balance and fade controls and the resulting

audio system performance according to various embodiments of the disclosure is intuitive and can be

transparent to meet user expectations. For example, many users expect some output from each of the

loudspeakers with the balance and fade controls near their detent or default positions, and also

assume that at least some loudspeakers will have no output as the controls reach a

minimum/maximum setting at the end of their range.



[0045] While exemplary embodiments are described above, it is not intended that these

embodiments describe all possible forms of the claimed subject matter. Rather, the words used in

the specification are words of description rather than limitation, and it is understood that various

changes may be made without departing from the spirit and scope of the disclosure. Additionally,

the features of various implementing embodiments may be combined to form further embodiments

that are not explicitly shown or described. While various embodiments may have been described as

providing advantages or being preferred over other embodiments or prior art implementations with

respect to one or more desired characteristics, as one of ordinary skill in the art is aware, one or more

features or characteristics may be compromised to achieve desired overall system attributes, which

depend on the specific application and implementation. These attributes include, but are not limited

to: cost, strength, durability, life cycle cost, marketability, appearance, packaging, size,

serviceability, weight, manufacturability, ease of assembly, etc. Embodiments described as less

desirable than other embodiments or prior art implementations with respect to one or more

characteristics are not outside the scope of the disclosure and may be desirable for particular

applications.



WHAT IS CLAIMED IS:

1. A system for controlling speaker acoustic output in a multi-speaker audio system

having multiple listening zones, comprising:

a first speaker and a second speaker; and

an audio signal processor configured to substantially simultaneously adjust gain and

at least one additional acoustic parameter of at least the first speaker relative to at least the second

speaker in response to a change in balance or fade settings of the audio system across a range of

balance and fade settings, except for a maximum or minimum balance or fade setting, and mute at

least one speaker in response to the maximum or minimum balance or fade setting.

2 . The system of claim 1 wherein the multi-speaker audio system includes a

subwoofer and wherein the audio signal processor is configured to adjust gain of the subwoofer to a

non-zero gain in response to the maximum or minimum balance or fade setting.

3 . The system of claim 1 wherein the audio signal processor comprises a spectral

manager configured to adjust frequency responses for the first and second speakers and wherein the

gain is adjusted upstream of the spectral manager to provide a desired summation of speaker

acoustic outputs within a designated listening zone.

4 . The system of claim 1 wherein the first and second speakers are mounted within a

vehicle cabin.

5 . The system of claim 1 wherein the audio signal processor is configured to mute at

least one speaker by adjusting the gain of the at least one speaker so that the speaker does not

produce a perceptible audio output.

6 . The system of claim 1 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further comprising:



third and fourth mid-range speakers positioned at left and right regions of a rear zone

of the listening environment;

a subwoofer positioned in the rear zone of the listening environment; and

wherein the audio signal processor is configured to mute the third and fourth mid-

range speakers and adjust gain of the subwoofer to provide a non-zero signal to the subwoofer in

response to a minimum or maximum fade setting.

7 . The system of claim 1 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further comprising:

third and fourth mid-range speakers positioned at left and right regions of a rear zone

of the listening environment;

a subwoofer positioned in the rear zone of the listening environment; and

wherein the audio signal processor is configured to mute the first and third mid-range

speakers and adjust gain of the subwoofer to provide a non-zero signal to the subwoofer in response

to a minimum or maximum balance setting.

8. The system of claim 1 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further comprising:

third and fourth mid-range speakers positioned at left and right regions of a rear zone

of the listening environment;

a subwoofer positioned in the rear zone of the listening environment; and

wherein the audio signal processor is configured to mute the second, third, and fourth

mid-range speakers and adjust gain of the subwoofer to provide a non-zero signal to the subwoofer

in response to a minimum balance setting and a minimum fade setting.

9 . A method for controlling speaker acoustic output in a multi-speaker audio system

having at least a first speaker and at least a second speaker arranged in multiple listening zones,

comprising:



substantially simultaneously adjusting gain and at least one additional acoustic

parameter of at least the first speaker relative to at least the second speaker in response to a change

in balance or fade settings of the audio system across a range of balance and fade settings, except for

a maximum or minimum balance or fade setting, and muting at least one speaker in response to the

maximum or minimum balance or fade setting.

10. The method of claim 9 wherein the multi-speaker audio system includes a

subwoofer, the method further comprising:

adjusting gain of the subwoofer to a non-zero gain in response to the maximum or

minimum balance or fade setting.

11. The method of claim 9 wherein muting at least one speaker comprises adjusting

gain of the at least one speaker so that the at least one speaker produces no audio output.

12. The method of claim 9 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further including third and fourth mid-range speakers positioned at left and right regions of a rear

zone of the listening environment and a subwoofer positioned in the rear zone of the listening

environment, the method further comprising:

muting the third and fourth mid-range speakers and adjusting gain of the subwoofer

to provide a non-zero signal to the subwoofer in response to a minimum or maximum fade setting.

13. The method of claim 9 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further including third and fourth mid-range speakers positioned at left and right regions of a rear

zone of the listening environment and a subwoofer positioned in the rear zone of the listening

environment, the method further comprising:

muting the first and third mid-range speakers and adjusting gain of the subwoofer to

provide a non-zero signal to the subwoofer in response to a minimum or maximum balance setting.



14. The method of claim 9 wherein the first and second speakers comprise mid-range

speakers positioned at left and right regions of a front zone of a listening environment, the system

further including third and fourth mid-range speakers positioned at left and right regions of a rear

zone of the listening environment and a subwoofer positioned in the rear zone of the listening

environment, the method further comprising:

muting the second, third, and fourth mid-range speakers and adjusting gain of the

subwoofer to provide a non-zero signal to the subwoofer in response to a minimum or maximum

balance setting and a minimum or maximum fade setting.

15. A system for controlling balance and fade in a multi-speaker listening

environment having a plurality of speakers and a control interface including balance and fade

controls having a plurality of control ranges surrounding a detent position of the balance and fade

controls, comprising:

an audio signal processor configured to adjust at least a first audio parameter for a

first range of balance and fade control settings of the plurality of speakers, to adjust at least a second

audio parameter different from the first audio parameter in response to a second range of balance and

fade settings, and to mute at least one speaker of the plurality of speakers in response to a third range

of balance and fade settings.

16. The system of claim 15 wherein the audio signal processor is further configured

to adjust the first and the second audio parameters in response to the second range of balance and

fade settings.

17. The system of claim 15 wherein the first audio parameter comprises gain and the

second audio parameter comprises channel mixing.

18. The system of claim 15 wherein the audio signal processor is further configured

to mute at least one speaker only in response to either the balance control or the fade control being

set to a corresponding last available control setting.
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