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1
AUDIO SYSTEM CONFIGURED TO FADE
AUDIO OUTPUTS AND METHOD THEREOF

FIELD OF THE INVENTION

The present invention generally relates to an audio system
and method thereof, and more particularly, an audio system
configured to fade audio outputs and a method thereof.

BACKGROUND OF THE INVENTION

Generally, in an automotive audio system that utilizes a
satellite subwoofer setup, there can be an issue with respect to
system fading. Typically, four main channel speakers can be
supplied through a high pass filter, which removes low fre-
quency information from the system. In many of these
vehicles, the subwooter speakers are located in the back pack-
age shelf of the vehicle so that the volume of the trunk can be
used as the enclosure for the subwoofer speaker. This large
enclosure can make it easier for the subwoofer speakers to
produce low frequency.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, an audio
system is provided that includes at least one first speaker
configured to emit an audio output, at least one second
speaker configured to emit an audio output, and at least one
low-frequency output speaker configured to emit an audio
output, wherein the at least one low-frequency output speaker
is proximate the at least one second speaker. Additionally, the
audio system includes a receiver in communication with the
at least one first speaker, the at least one second speaker, and
the at least one low-frequency output speaker, wherein the
receiver is configured to alter a signal communicated to the at
least one first speaker, the at least one second speaker, and the
at least one low-frequency output speaker, such that the audio
outputs thereof are faded, and a filter in communication
between the receiver and the at least one first speaker, wherein
the filter is configured to limit a frequency of the signal
communicated from the receiver to the at least one first
speaker. The audio system further includes a processor in
communication with the receiver, wherein the processor is
configured to alter a frequency limit of the filter, such that a
low frequency portion of the signal is received by the at least
one first speaker, and a low-frequency output of the at least
one first speaker is increased approximately proportionately
to the fade of at least one of the at least one second speaker and
the at least one low-frequency output speaker.

According to another aspect of the present invention, a
method of audio fading in an audio system that includes at
least one first speaker, at least one second speaker, and at least
one low-frequency output speaker proximate the at least one
second speaker is provided. The method includes the steps of
communicating a signal to the at least one first speaker, com-
municating a signal to the at least one second speaker, com-
municating a signal to the at least one low-frequency output
speaker, emitting an audio output from the at least one first
speaker, emitting an audio output from the at least one second
speaker, and emitting an audio output from the at least one
low-frequency output speaker. The method also includes the
steps of altering signals communicated to the at least one first
speaker, the at least one second speaker, and the at least one
low-frequency output speaker, such that audio outputs thereof
are faded, and altering a frequency limit of the audio output of
the atleast one first speaker, such that a low-frequency portion
of'the signal is received by the at least one first speaker, and a
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low-frequency output of the at least one first speaker is
increased approximately proportionately to the fade of at
least one of the at least one second speaker and the at least one
low-frequency output speaker.

According to yet another aspect of the present invention, a
method of audio fading in an audio system integrated with a
vehicle including a vehicle cabin, wherein the audio system
includes a receiver in communication with at least one front
speaker located in a front portion of the vehicle cabin, at least
one rear speaker located in a rear portion of the vehicle cabin,
and at least one low-frequency output speaker proximate said
at least one rear speaker is provided. The method includes the
steps of communicating a signal to the at least one front
speaker from the receiver, communicating a signal to the at
least one rear speaker from the receiver, communicating a
signal to the at least one low-frequency output speaker from
the receiver, emitting an audio output from the at least one
front speaker, emitting an audio output from the at least one
rear speaker, and emitting an audio output from the at least
one low-frequency output speaker. The method also includes
the steps of altering signals communicated from the receiver
to the at least one front speaker, the at least one rear speaker,
and the at least one low-frequency output speaker, such that
audio outputs thereof are faded, and altering a frequency limit
of'the audio output of the at least one front speaker, such that
a low-frequency portion of the signal is received by the at
least one front speaker, and a low-frequency output of the at
least one front speaker is increased approximately propor-
tionately to the fade of at least one of the at least one rear
speaker and the at least one low-frequency output speaker.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled in the art by reference to the following speci-
fication, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of
example, with reference to the accompanying drawings, in
which:

FIG. 1 is an environmental view of an audio system, in
accordance with one embodiment of the present invention;

FIG. 2 is a schematic diagram of an audio system, in
accordance with one embodiment of the present invention;

FIG. 3 is a graph illustrating a representation of an audio
system response to a front passenger of a vehicle, in accor-
dance with one embodiment of the present invention;

FIG. 4A is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded five decibels (5 dB) towards a front portion of the
vehicle, in accordance with one embodiment of the present
invention;

FIG. 4B is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded five (5) dB towards a front portion of the vehicle;

FIG. 5A is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded ten (10) dB towards a front portion of the vehicle, in
accordance with one embodiment of the present invention;

FIG. 5B is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded ten (10) dB towards a front portion of the vehicle;

FIG. 6A is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded twenty (20) dB towards a front portion of the vehicle, in
accordance with one embodiment of the present invention;
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FIG. 6B is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded twenty (20) dB towards a front portion of the vehicle;
FIG. 7A is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded thirty (30) dB towards a front portion of the vehicle, in
accordance with one embodiment of the present invention;
FIG. 7B is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded thirty (30) dB towards a front portion of the vehicle;
FIG. 8A is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded forty (40) dB towards a front portion of the vehicle, in
accordance with one embodiment of the present invention;
FIG. 8B is a graph illustrating an audio system response to
a front occupant of a vehicle after the audio system has been
faded forty (40) dB towards a front portion of the vehicle;
FIG. 9 is a flowchart illustrating a method of audio fading
in an audio system, in accordance with one embodiment of
the present invention; and
FIG. 10 is a flowchart illustrating a method of audio fading
in an audio system, in accordance with one embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

In regards to FIGS. 1 and 2, an audio system is generally
shown at reference identifier 100. The audio system 100 can
include at least one first speaker 102 configured to emit an
audio output, at least one second speaker 104 configured to
emit an audio output, and at least one low-frequency output
speaker 106 configured to emit an audio output, wherein the
low-frequency output speaker 106 can be proximate that the
second speaker 104. The audio system 100 can further
include a receiver, generally indicated at reference identifier
108, in communication with the first speaker 102, the second
speaker 104, and the low-frequency output speaker 106. The
receiver 108 can be configured to alter a signal communicated
to the first speaker 102, the second speaker 104, and the
low-frequency output speaker 106, such that audio outputs
thereof are faded.

The audio system 100 can also include a filter 118 (FIG. 2)
in communication between the receiver 108 and the first
speaker 102, wherein the filter 118 can be configured to limit
a frequency of the signal communicated from the receiver to
the first speaker 102. Additionally, the audio system 100 can
include a processor 110 in communication with the receiver
108, wherein the processor 110 is configured to alter a fre-
quency limit (e.g., a cutoff frequency) of the filter 118, such
that a low-frequency portion of the signal can be received by
the first speaker 102, and a low-frequency output of the first
speaker 102 can be increased approximately proportionately
to the fade of the second speaker 104, the low-frequency
speaker 106, or a combination thereof, as described in greater
detail herein.

By way of explanation and not limitation, in an automotive
environment, occupants in a back seat area of a vehicle may,
at times, desire that no audio be outputted around them in the
vehicle. Also, some occupants may desire that all rear speak-
ers (e.g., the second speaker 104) be muted during a full fade
to a front area of the vehicle, such as, but not limited to, when
children are sleeping in the back seat area of the vehicle.
Under these circumstances, when the audio system 100 is not
being utilized, all of the low-frequency information below a
high pass filter is typically lost from the front speakers, which
can compromise audio play back to occupants in the front
area of the vehicle. Typically, the low-frequency information
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or portion of the signal can be communicated to, and utilized
by, the low-frequency output speaker 106, which can be, but
is not limited to, a subwoofer. The audio system 100, as
described herein, can alter a frequency limit of the filter 118,
which affects a signal communicated from the receiver 108 to
the first speaker 102, the low-frequency output speaker 106,
or a combination thereof, to reduce undesirable audio play-
back as a result of losing low-frequency information.

According to one embodiment, the receiver 108 can
include a controller 112 configured to be altered, such that the
faded audio outputs of the first speaker 102, the second
speaker 104, and the low-frequency output speaker 106 are a
function of a position of the controller 112. The processor 110
can be configured to reduce the audio output of the low-
frequency output speaker 106 and the frequency limit of the
filter 118 as a function of the position of the controller 112.
Thus, as the fade or reduction of the audio output of the
second speaker 104 is increased, the frequency limit of the
filter 118 can be approximately proportionately decreased,
such that a low-frequency output of the first speaker 102 can
be increased approximately proportionately to the fade of the
second speaker 104. It should be appreciated by those skilled
in the art that a low-frequency output of the first speaker 102
can be increased approximately proportionately to the fade of
the second speaker 104, or a combination of the fade of the
second speaker 104 and the low-frequency output speaker
106.

For purposes of explanation and not limitation, the control-
ler 112 can be a turn-dial knob that can be turned or actuated
by a user to alter the fade of the speakers 102, 104, 106 of the
audio system 100. However, it should be appreciated by those
skilled in the art that the controller 112 can be other suitable
devices for altering the fade of the speakers 102, 104, 106,
such as, but not limited to, a sliding dial, a virtual dial, the like,
or a combination thereof.

In such an embodiment, in operation, a user of the audio
system 100 can actuate the controller 112 to fade the audio
outputs of the speakers 102, 104, 106 towards the first speaker
102 (i.e., the first speaker 102 emits a greater audio output
than the second speaker 104 and the low-frequency output
speaker 106). The processor 110 can then determine the loca-
tion of the controller 112 (e.g., monitoring the controller 112
or receiving data relevant to a location and/or movement of
the controller 112), and increase a low-frequency output of
the first speaker 102 as a function of the fade of the second
speaker 104, the fade of the low-frequency output speaker
106, or a combination thereof. Typically, the increase in low-
frequency output of the first speaker 102 is based upon the
processor 110 reducing a frequency limit of the filter 118, and
is approximately proportional to the decrease in audio output
of the low-frequency output speaker 106.

According to an alternate embodiment, the processor 110
can be configured to measure the audio outputs from the first
speaker 102 and the second speaker 104, and compare the
measured audio outputs. The alteration of the frequency limit
of the filter 118 can then be reduced as a function of the
comparison or difference of the measured audio outputs.
Thus, as the fade or reduction of the audio output of the
second speaker 104 is increased, the frequency limit of the
filter 118 can be approximately proportionately decreased,
such that a low-frequency output of the first speaker 102 is
increased approximately proportionately to the fade of the
second speaker 104. It should be appreciated by those skilled
in the art that the audio output of the second speaker 104 can
be monitored and compared to the audio output of the first
speaker 102, the audio output of the low-frequency output
speaker 106 can be monitored and compared to the audio
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output of the first speaker 102, or a combination of the audio
outputs of the second speaker 104 and the low-frequency
output speaker 106 can be monitored and compared to the
audio output of the first speaker 102. Similar to that as above,
the fading of audio outputs of the speakers 102, 104, 106 can
be done by actuating the controller 112.

In such an embodiment, in operation, a user of the audio
system 100 can actuate the controller 112 to fade the audio
outputs of the speakers 102, 104, 106 towards the first speaker
102 (e.g., the first speaker 102 emits a greater audio output
than the second speaker 104 and the low-frequency output
speaker 106). The processor 110 can then compare the audio
output of the first speaker 102 with the audio output of the
second speaker 104, the low-frequency output speaker 106, or
a combination thereof (e.g., determine a difference in the
audio outputs of the speakers 102, 104, 106, respectively),
and increase a low-frequency output of the first speaker 102 as
a function of the fade of the second speaker 104 and low-
frequency output speaker 106. Typically, the increase in low-
frequency output of the first speaker 102 is based upon the
processor 110 reducing a frequency limit of the filter 118, and
is approximately proportional to the decrease in audio output
of the second speaker 104.

According to one embodiment, the audio system 100 can
be integrated in a vehicle generally indicated at reference
identifier 114 (FIG. 1). The vehicle 114 can have a vehicle
cabin 116, wherein the first speaker 102 can include a speaker
located in a front portion of vehicle cabin 116, and the second
speaker 104 can be a rear speaker located in a rear of the
vehicle cabin 116. Generally, the first and rear portions can be
based upon the vehicle’s 114 normal operating position. Typi-
cally, the low-frequency output speaker 106 can be proximate
the second speaker 104, such that the low-frequency output
speaker 106 is positioned closer to the second speaker 104
than the first speaker 102.

The audio system 100 can include an antenna in commu-
nication with the receiver 108, wherein the antenna can be
configured to receive the signal communicated from a trans-
mitter of a source provider. Additionally or alternatively, an
audio input signal can be provided by a compact disc (CD)
player, a portable compressed audio player, a front panel jack,
a Digital Video Disc (DVD) player, other suitable media
devices or multimedia devices, the like, or a combination
thereof.

With respect to FIG. 2, the audio system 100 can include
the one or more filters 118, wherein at least one filter 118 is a
high pass filter 118 in communication between the receiver
108 and the first speaker 102. A second filter 118', such as, but
not limited to, a high pass filter can be in communication
between the receiver 106 and the second speaker 104. Typi-
cally, a high pass filter passes high frequencies, while attenu-
ating frequencies lower than a frequency limit (e.g., a cutoff
frequency). According to one embodiment, a low-frequency
is a signal having a frequency that is low enough for emitting
an audio output by the low-frequency output speaker 106
(e.g., a subwoofer).

The audio system 100 can further include a front fader gain
device 120 and a rear fader gain device 122 in communication
with the processor 110, such that the front fader gain device
120 and the rear fader gain device 122 receive inputs of an
audio input signal (e.g., from the antenna or other devices as
exemplary described above) and an output of the processor
110. The audio system 100 can also include an output level
sensor 124 in communication with the processor 110, and a
low pass filter 126 in communication with the low-frequency
output speaker 106. According to one embodiment, the
receiver 108 can include the processor 110, the filter 118,
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118', the front fader gain device 120, the rear fader gain device
122, the output level sensor 124, the low pass filter 126,
additional or alternative electronic hardware and/or software
components, the like, or a combination thereof, as exemplary
illustrated in FIG. 2 using dashed lines.

According to one embodiment, by altering a signal com-
municated from the receiver 108 to the low-frequency output
speaker 106, such that the audio output thereof is reduced
approximately proportionately to a fade of the second speaker
104, the low-frequency output speaker 106 can be reduced
while the high pass filter 118 can have a frequency limit that
is reduced to allow for a transition of low frequency informa-
tion to be received by the first speaker 102. Typically, this
allows for improved audio performance when the low-fre-
quency output speaker 106 is fully faded to the front of the
vehicle 114. This is illustrated in the diagrams of FIGS. 4A,
5A, 6A, 7A, and 8A, which illustrate improved performance
when compared to systems that do not include such an audio
system 100, as illustrated in FIGS. 4B, 5B, 6B, 7B, and 8B,
respectively.

It should be appreciated by those skilled in the art that the
at least one first speaker 102, the at least one second speaker
104, and the low-frequency output speaker 106 are illustrated
in FIG. 1 as having two speakers, two speakers, and one
speaker, respectively, for purposes of explanation and not
limitation, and that any number of speakers 102, 104, 106 can
be utilized in the audio system 100. It should further be
appreciated by those skilled in the art that the increase in
low-frequency audio output of the first speaker 102 (e.g.,
reduction in a frequency limit of the filter 118) can be
approximately proportional or un-proportional increase with
respect to the fade of the second speaker 104, the low-fre-
quency speaker 106, or a combination thereof.

Additionally or alternatively, an increase in low-frequency
audio output of the first speaker 102 can be approximately
proportional to the fade of the second speaker 104, the low-
frequency speaker 106, or a combination thereof. Typically,
the fade of the second speaker 104 is approximately the same
as the fade of the low-frequency output speaker 106.

With respect to FIGS. 1, 2, and 9, a method of audio fading
in an audio system 100 is generally shown in FIG. 9 at
reference identifier 200. The method 200 starts at step 202,
and proceeds to step 204, wherein a user actuates the control-
ler 112. At step 206, the position of the controller 112 is
determined, and at step 208, a frequency limit of the filter 118
is altered. Typically, when the frequency limit of the filter 118
is altered, a low-frequency portion of the signal is received by
the first speaker 102, such that the low-frequency portion of
the signal is no longer blocked or filtered by the filter 118. The
reduction of the frequency limit of the filter 118 can be
approximately proportional to the fade of the second speaker
104.

The method 200 can then proceed to step 210, wherein the
audio output is emitted. Typically, the audio output is emitted
using the first speaker 102, the second speaker 104, the low-
frequency output speaker 106, or a combination thereof, such
that the faded audio outputs of the first speaker 102, the
second speaker 104, and the low-frequency output speaker
106 are a function of a position of the controller 118. The
method 200 then ends at step 212.

AstoFIGS. 1,2, and 10, a method of audio fading an audio
system 100 is generally shown in FIG. 10 at reference iden-
tifier 350. The method 350 starts at step 352, and proceeds to
step 204, wherein the user actuates the controller 112. At step
354, an output from the first speaker 102 is measured, and at
step 356, an output from the second speaker 104 is measured.
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The method 350 then proceeds to step 358, wherein the
outputs from the first speaker 102 and the second speaker 104
are compared. Typically, the measurement comparison of the
outputs of the first speaker 102 and second speaker 104 can be
used to determine levels between a front channel and a rear
channel to measure an amount of fade. It should be appreci-
ated by those skilled in the art that the audio output of the
second speaker 104 can be measured and compared to the
audio output of the first speaker 102, or a combination of the
measured audio outputs of the second speaker 104 and the
low-frequency output speaker 106 can be compared to the
audio output of the first speaker 102.

At step 208, the frequency limit of the filter 118 can be
altered based upon the comparison of step 358. Typically,
altering the frequency of the filter 118, at step 208, results in
the audio output of the low-frequency output speaker 106
being reduced approximately proportionately to the fade of
the second speaker 104, while increasing a low-frequency
audio output of the first speaker 102 approximately propor-
tionately to the fade of the second speaker 104. An audio
output is emitted at step 210, and the method 350 then ends at
step 360. It should be appreciated by those skilled in the art
that the references in FIG. 10, and the description thereof, to
the front speaker 102 and the rear speaker 104 correspond to
the first speaker 102 and second speaker 104, respectively,
and are for purposes of explanation and not limitation.

Advantageously, the audio system 100 and methods 200,
350 allow for the low-frequency output to be emitted by the
first speaker 102 rather than the low-frequency output speaker
106 when the audio system 100 is configured to be faded
towards the front portion of the vehicle 114. It should be
appreciated by those skilled in the art that there may be
additional or alternative advantages to the audio system 100
and methods 200, 350. Further, it should be appreciated by
those skilled in the art that the above-described components
and steps can be configured in additional or alternative ways
not explicitly described herein.

Modifications of the invention will occur to those skilled in
the art and to those who make or use the invention. Therefore,
it is understood that the embodiments shown in the drawings
and described above are merely for illustrative purposes and
not intended to limit the scope of the invention, which is
defined by the following claims as interpreted according to
the principles of patent law, including the doctrine of equiva-
lents.

The invention claimed is:

1. An audio system comprising:

at least one first speaker configured to emit an audio output;

at least one second speaker configured to emit an audio
output;

at least one low-frequency output speaker configured to
emit an audio output; and

a receiver in electrical communication with said at least
one first speaker and said at least one second speaker and
said at least one low-frequency output speaker, said
receiver being configured to alter a signal communicated
to said at least one first speaker and said at least one
second speaker and said at least one low-frequency out-
put speaker such that said audio outputs thereof are
inversely proportionally faded between the first speaker
and one of the second speaker and the low-frequency
output speaker, and said receiver includes,
afilter in electrical communication with said at least one

first speaker, said filter including a cutoff frequency,
and
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a processor in electrical communication with said filter
and configured to alter the cutoft frequency of said
filter,

wherein when said fade occurs so as to decrease at least one

of said audio output of said second speaker and said
audio output of said low-frequency output speaker the
audio output of said first speaker increases as the pro-
cessor decreases said cutoff frequency of said filter in
response to said fade so that a low frequency output of
said signal associated with said decreased cutoff fre-
quency is further electrically communicated to ensure
said increase in said audio output of said first speaker,
and

wherein said receiver further includes,

ahigh pass filter in direct electrical communication with
said second speaker, and

a low pass filter in direct electrical communication with
said low-frequency output speaker, and

wherein the filter that is in electrical communication with

said at least one speaker is a high pass filter and said

receiver further includes,

a front fader gain device receiving an electrical output
from the processor and being an electrical input to the
high pass filter in electrical communication with the
first speaker and configured to receive an audio input
signal disposed in the receiver,

a rear fader gain device receiving an electrical output
from the processor and being an electrical input to the
high pass filter in electrical communication with the
second speaker and an electrical input to the low pass
filter in electrical communication with said low-fre-
quency output speaker, and

an output level sensor having an electrical output
received by the processor and respective electrical
inputs received from an electrical output of the high
pass filter in electrical communication with the first
speaker and an electrical output of the high pass filter
in electrical communication with the second speaker.

2. The audio system of claim 1, wherein said receiver
further includes,

a controller in electrical communication with said proces-

sor,

wherein said fade is a function of said controller being

operatively controlled by a user of the audio system.

3. The audio system of claim 1, wherein said processor is
further configured to measure said audio outputs of said first
speaker and at least one of said second speaker and said
low-frequency output speaker and compare said measured
audio outputs, and when the audio outputs are measured and
compared by said processor, said processor decreases said
cutoff frequency of said filter as a function of said comparison
of said measured audio outputs.

4. The audio system of claim 1, wherein said at least one
first speaker comprises at least one speaker located in a front
portion of a vehicle cabin of a vehicle.

5. The audio system of claim 1, wherein said at least one
second speaker comprises at least one speaker located in a
rear portion of a vehicle cabin of a vehicle, and said at least
one low-frequency output speaker is a subwoofer disposed
proximate said second speaker in the rear portion of the
vehicle cabin.

6. The audio system of claim 1, wherein the audio system
is disposed in a vehicle.

7. An audio system comprising:

a receiver; and

atleast one first speaker and at least one second speaker and

at least one low-frequency output speaker respectively
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in electrical communication with the receiver and fur-
ther respectively configured to emit an audio output, the
receiver being configured to alter a respective electrical
signal communicated to said speakers for fading said
audio outputs of the audio system between the first
speaker in a manner that is inversely proportional to at
least one of said second speaker and said low-frequency
output speaker, said receiver including,

a controller configured to alter said proportional fading
based on operative control thereto by a user of the
audio system,

a processor in electrical communication with said con-
troller and configured to electrically operate in
response to said altered controller, and

a filter in respective electrical communication with said
processor and said first speaker and including a cutoff
frequency,

wherein when the user alters the controller the processor
responds to the controller and alters the cutoff frequency
of'the filter so that the audio output of said first speaker
adjusts to a level based on said inverse proportional
fading, and

wherein the receiver further includes,

an output level sensor is disposed intermediate to, and
electrically connected to an output of said respective
high pass filters, and an output of the output level
sensor is directly electrically connected to the proces-
sor, and
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the controller comprises one of,
(1) a turn-dial knob,
(ii) a sliding dial, and
(iii) a virtual dial, and

the filter comprises a high pass filter in direct electrical
communication with the first speaker, said first
speaker being disposed in a front portion of a vehicle
cabin of a vehicle, and

the processor has direct electrical communication with
the high pass filter associated with the first speaker,
and

the receiver further includes a high pass filter in direct
electrical communication with the second speaker
and a low pass filter in direct electrical communica-
tion with the low-frequency output speaker, and

the low-frequency output speaker comprises a sub-
woofer disposed proximate the second speaker in a
rear portion of the vehicle cabin of the vehicle.

8. The audio system of claim 7, wherein when said audio
output of the first speaker increases and the audio output
decreases of at least one of said second speaker and said
low-frequency output speaker based on said proportional fad-
ing, the processor decreases the cutoff frequency of the filter
so that additional low frequency output of said signal associ-
ated with the decreased cutoff frequency is further electrically
communicated to said first speaker’s audio output so that the
first speaker’s audio output is increased.

#* #* #* #* #*



