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AUTOMOBILE AUDIO SYSTEM

TECHNICAL FIELD

[0001] This invention relates to audio systems, and more
particularly to audio systems for automobiles.

BACKGROUND

[0002] Audio systems are included in virtually every auto-
mobile manufactured today. These audio systems are typi-
cally designed for use while the doors, tailgates, and other
openings to the passenger compartment are closed. However,
people often choose to listen to their automobile audio system
while they are outside of their vehicle, such as while they are
camping or “tailgating” at a sporting event. Because tradi-
tional automobile audio systems are not designed for this type
of use, listeners may not enjoy as high a quality sound pre-
sentation as they could if the system were designed for out-
door use.

[0003] Theacoustic characteristics of a typical vehicle with
all of its doors closed will generally be significantly different
than the acoustic characteristics of the same vehicle with its
tailgate (or one of its doors) open. For example, the linear
transfer function from each speaker element to various listen-
ing locations will be markedly different in each circumstance,
Furthermore, opening or closing of the tailgate significantly
alters the acoustic characteristics of the cabin space.

[0004] Accordingly, it is desirable to have an automobile
audio system which is able to operate in two modes: one mode
where one or more parameters of the audio system are con-
figured to better optimize sound quality while the doors (to
include tailgates) are closed and a second mode where one or
more parameters of the audio system are configured to better
optimize sound quality while one or more of the doors, such
as a tailgate, are open.

[0005] Additionally, users may wish to operate their auto-
mobile audio system while the engine is not running and thus
drain power from the automobile’s battery. It is therefore
desirable for an automobile audio system to monitor one or
more operating conditions of the battery and adjust system
performance in order to extend the maximum period of time
the audio system can operate from battery power. It is also
desirable to monitor one or more operating conditions of the
battery to ensure operation of the audio system does not result
in a condition where sufficient battery charge (to allow the
automobile to be restarted) is no longer available.

[0006] It should be noted that the terms automobile and
vehicle are used synonymously in this description and refer to
any self-propelled passenger vehicle used for land transport,
including cars, trucks, pick-up trucks, sport utility vehicles,
and the like. Additionally, the term tailgate refers to a hinged
door of an automobile which provides access to a rear open-
ing of the automobile. A tailgate may be hingedly connected
to the top. bottom, or side of the frame of the automobile.

SUMMARY

[0007] According to an aspect of the invention, a system
and method for operating an audio system in an automobile
includes implementing a first system configuration, receiving
an mput indicating a change in operating mode, and in
response to this input, implementing a second system con-
figuration which is different from the first system configura-
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tion, wherein the second system configuration is imple-
mented when one of the doors, such as a tailgate, of the
automobile is open.

[0008] Embodiments include one or more of the following
features. The first system configuration may occur when all of
the doors of the automobile are closed and the second con-
figuration may occur when one or more of the doors, such as
a tailgate, are opened.

[0009] Theaudio system may implement a different system
topology in the first and second system configurations, where
the system topology defines how different signals provided
by an audio source are routed to the different speakers of the
audio system.

[0010] The audio system may implement different signal
processing operation in the first and second system configu-
rations, The different signal processing operations in the first
and second system configurations may include different
equalization signal processing operations, amplification
operations, dynamic range control operation, or spatial
enhancement operations.

[0011] The audio system may also receive input indicating
that the automobile’s engine is not running, and, in response
to this input, the first or second system configuration may be
adjusted in order to reduce power consumption of the system.
Several adjustments may be made to the first or second sys-
tem configuration to reduce power consumption including
turning off one or more speakers (e.g., by muting the output of
the amplifier, placing the amplifier in standby mode, reducing
the voltage of the audio signal input to the amplifier to
approximately zero, disconnecting the one or more loud-
speakers from the amplifier. removing electrical power from
the amplifier); reducing the gain in one or more of the signal
paths: controlling the maximum output power level of the
audio system (e.g., by dynamically adjusting the gain of a
variable gain element as a function of a detected level of an
audio signal): or changing one or more other signal process-
ing operations in the first or second system configuration.
[0012] The audio system may switch between the first and
second system configuration by monitoring one or more
physical conditions of the automobile (e.g., whether a door is
opened, the engine is running, or an occupant is in the auto-
mobile) and generate a switch command based ona change in
one or more of the monitored physical conditions. The audio
system may provide a manual switch accessible to a user and
change between system configurations based on the state of
the switch. The manual switch may be located on a remote
control device (e.g.. a key fob) or mounted at one or more
locations within the automobile (e.g., on a front or rear con-
trol panel).

[0013] The audio system may also include a battery moni-
toring process which receives input indicating one or more
operating conditions of the battery (e.g., the battery voltage,
discharge current, temperature). The battery monitoring pro-
cess may compare one or more of the monitored operating
conditions to a predetermined state, and if the monitored
operating conditions reach the predetermined state, then the
system would take a responsive action such as triggering an
alarm or reducing the power consumption of the audio sys-
tem. The battery monitoring process may further estimate the
remaining capacity of the battery based on one or more of the
monitored operating conditions and compare the estimated
capacity to a predetermined value, and, if the estimated
capacity reaches or falls below the predetermined value, then
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the system may take a response action such as triggering an
alarm or reducing the power consumption of the audio sys-
tem.

[0014] In another aspect, the invention features a method
for remotely controlling an audio system in an automobile
with a key fob having a plurality of buttons which includes
defining a first set of commands corresponding to each button
on the key fob, wherein the first set of command includes a
command to actuate the door locks. The method also includes
defining a second set of commands corresponding to each
button. wherein the second set of commands includes one or
more commands for controlling the audio system of the auto-
mobile. The method further includes switching between the
first and second sets of commands based on a predetermined
condition.

[0015] Embodiments may include one or more of the fol-
lowing features. The key fob may include a switch having two
states, and the predetermined condition is a state of the
switch. The audio system may have a first mode of operation
and a second mode of operation and the predetermined con-
dition is the state of the mode of operation of the audio
system, such that the first set of commands are valid when the
audio system is in the first mode of operation and the second
set of commands are valid when the audio system is in the
second mode of operation.

[0016] In another aspect, the invention features a system
and method for operating an audio system in a vehicle with a
battery that includes monitoring one or more operating con-
ditions of the battery, comparing one or more of the moni-
tored conditions of the battery to a predetermined state, if the
monitored operating conditions of the battery reaches the
predetermined state, then triggering an alarm.

[0017] Embodiments may include one or more of the fol-
lowing features. The alarm may be an audible alarm, visual
alarm, or tactile alarm. One or more of the monitored oper-
ating conditions of'the battery may include sensing the output
voltage level of the battery, sensing the discharge current of
the battery; or sensing the ambient temperature.

[0018] Inanotheraspect the invention features a system and
method for operating an audio system in a vehicle with a
battery that includes monitoring one or more operating con-
ditions of the battery, comparing one or more of the moni-
tored conditions of the battery to a predetermined state, and if
the monitored operating conditions of the battery reaches the
predetermined state, then causing the automobile to start its
engine.

[0019] In another aspect, the invention features a system
and method for operating an audio system in a vehicle with a
battery that includes monitoring one or more operating con-
ditions of the battery, comparing one or more of the moni-
tored conditions of the battery to a predetermined state, and if
the monitored operating conditions of the battery reaches the
predetermined state, then turning off a subset of the plurality
of speakers.

[0020] In another aspect, the invention features a system
and method for operating an audio system in a vehicle with a
battery that includes monitoring one or more operating con-
ditions of the battery, comparing one or more of the moni-
tored conditions of the battery to a predetermined state and if
the monitored operating conditions of the battery reaches the
predetermined state, then adjusting one or more of equaliza-
tion signal processes to change the frequency response of the
audio system.

May 22, 2008

[0021] In another aspect, the invention features a system
and method for operating an audio system that includes moni-
toring one or more operating conditions of the battery, com-
paring one or more of the monitored conditions of the battery
to a predetermined state, and if the monitored operating con-
ditions of the battery reaches the predetermined state, then
detecting the level of one or more of audio signals received
from an audio source, and dynamically adjusting the gain of
one or more variable gain elements as a function of the level
of one or more audio signals received from an audio source.
[0022] In another aspect, the invention features a system
and method for operating an audio system that includes moni-
toring one or more operating conditions of the battery, esti-
mating the remaining capacity of the battery based on one or
more of the monitored operating conditions of the battery,
comparing the estimated remaining capacity of the battery 1o
a predetermined value; and, if the estimated remaining capac-
ity of the battery is equal to or less than a predetermined value,
then causing the audio system to take an action.

[0023] Embodiments may include onc or more of the fol-
lowing features. The action taken by the audio system in
response to reaching or falling below the predetermined value
may include triggering an alarm, causing the automobile 1o
start the engine, or reducing the power consumption of the
audio system (e.g., by turning off one or more loudspeakers,
turning off the system, adjusting one or more equalization
processes applied to one or more audio signals to change the
frequency response of the audio system).

[0024] In another aspect, a system and method for operat-
ing an audio system in an automobile includes determining
whether the engine is running, and, in response to the system
determining that the engine is not running,. then changing one
or more signal processes to reduce power consumption of the
audio system.

[0025] Embodiments may include one or more of the fol-
lowing features. The system may reduce power consumption
in various ways including by turning off one or more speak-
ers. adjusting one or more of the equalization processes per-
formed on one or more of the received audio signals to change
the frequency response of the audio system, reducing the gain
in one or more of the audio signal paths.

[0026] Inanotheraspect, anaudiosystem for an automobile
includes an audio input source, a plurality of loudspeakers, a
first set of operating conditions for a first mode of operation,
a second set of operating conditions for a second mode of
operation, wherein the second set of operating conditions is
different from the first set of operating conditions and occurs
when one of the doors of the automobile is open, and a switch
for changing between the first and second set of operating
conditions.

[0027] Embodiments may include one or more of the fol-
lowing features. The first set of operating conditions are con-
figured for play while a tailgate is closed and listeners are
within the automobile and the second set of operating condi-
tions are configured for play while a tailgate is open and
listeners are outside the automobile. The audio system may
also include at least one channel of equalization, wherein the
first set of operating conditions defines a first frequency
response of the channel of equalization and the second set of
operating conditions defines a second frequency response of
the channel of equalization. The audio system may also
include a dynamic range control device configured to receive
an audio signal having a first dynamic range and output an
audio signal having a second dynamic range, wherein the
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second dynamic range is different than the first dynamic
range. The system may also include a battery monitoring
process.

[0028]) The audio system may also include a rear control
panel located within the passenger compartment of the auto-
mobile towards the back of the automobile that includes one
or more controls for operating the audio system. The rear
control panel may include a switch for changing between the
first and second set of operating conditions. The rear control
panel may also include at least one pair of external audio
source line level inputs, an external microphone level input,
or a separate video output jack for connection to a video
display.

[0029] In another aspecl, the invention [eatures an audio
system for an automobile having a passenger compartment
and a tailgate hingidly connected to the top portion of the
automobile’s frame that includes a first speaker set having a
first speaker and a second speaker. The first and second speak-
ers are mounted on the tailgate of the automobile such that
cach speaker directs sound along a primary axis of radiation
and has a fixed orientation such that each speaker’s primary
axis of radiation directs sound substantially towards the pas-
senger compartment of the automobile when the tailgate is
closed, and the speaker’s primary axis of radiation is pointed
away from the passenger compartment of the automobile and
is angled relative to the plane of the ground when the tailgate
is opened.

[0030] Embodiments may include one or more of the fol-
lowing features. The speakers may be mounted near an upper
edge of the tailgate, for example, on the window of the tail-
gate.

[0031] The audio system may be have a first mode of opera-
tion configured for play while the tailgate is closed and lis-
teners are within the automobile and a second mode of opera-
tion configured for play while the tailgate is opened and
listeners are outside the automobile near the rear of the auto-
mobile. The audio system may also have a second set of
speakers that includes a first and second speaker. and
mounted such that each speaker having primary axis of radia-
tion that is pointed substantially towards the rear of the auto-
mobile and which direct sound outside the antomobile in the
second mode of operation.

[0032] Inanotheraspect, anaudio system foran automobile
having a passenger compartment and a tailgate hingidly con-
nected to the automobile’s frame and a rear seat or seats
having a front portion and a rear portion includes first speaker
set that includes a first speaker and a second speaker. The first
speaker set is mounted on the rear portion of the rear seat or
seats, such that each speaker in the first set of speakers directs
sound along a primary axis of radiation and has a fixed ori-
entation such that each speaker’s primary axis of radiation
directs sound substantially away from the passenger compart-
ment of the automobile towards the tailgate when the tailgate
is closed, and the speaker’s primary axis of radiation is
pointed away from the passenger compartment of the auto-
mobile and directs sound out of the rear of the automobile
when the tailgate is opened.

[0033] Inanotheraspect, anaudio system foran automobile
having a rear seat, a passenger compartment with a floor, and
a tailgate hingidly connected to the automobile’s frame
includes a first speaker set comprising a first speaker and a
second speaker. The first speaker set 1s mounted on the floor,
wherein each speaker in the first set of speakers directs sound
along a primary axis of radiation and has a fixed orientation
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such that each speaker’s primary axis of radiation directs
sound substantially away from the passenger compartment of
the automobile towards the tailgate when the tailgate is
closed. and the speaker’s primary axis of radiation is pointed
away from the passenger compartment of the automobile and
directs sound out of the rear of the automobile when the
tailgate is opened.

[0034] Inanotheraspect, anaudio system for an automobile
having a rear seat, a passenger compartment with a ceiling,
and a tailgate hingidly connected to the automobile’s frame
includes a first speaker set comprising a first speaker and a
second speaker. The first speaker set is mounted on the ceil-
ing, wherein each speaker in the first set of speakers directs
sound along a primary axis of radiation and has a fixed ori-
entation such that each speaker’s primary axis of radiation
directs sound substantially away from the passenger compart-
ment of the automobile towards the tailgate when the tailgate
is closed, and the speaker’s primary axis of radiation is
pointed away from the passenger compartment of the auto-
mobile and directs sound out of the rear of the automobile
when the tailgate is opened.

[0035] Inanotheraspect, anaudio system for an automobile
having a passenger compartment with a ceiling, floor, and
sidewalls, and having a rear opening includes a first speaker
set comprising a first speaker and a second speaker. The first
speaker sct is mounted within the passenger compartment in
the rear half of the automobile (e.g., on the floor or ceiling),
wherein each speaker in the first set of speakers directs sound
along a primary axis of radiation and has a fixed orientation
such that each speaker’s primary axis of radiation direct
sound substantially towards the rear opening of the automo-
bile and wherein the neither speaker in the first speaker set is
mounted on a sidewall of the passenger compartment.
[0036] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects. and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0037] FIG. 1A isaisatop view of an automobile having a
dual-mode audio system.

[0038] FIG. 1B is a top view of an automobile having
another dual mode audio system.

[0039] FIG. 2A is a flow-chart illustrating the operation of
a mode detection process in a dual-mode audio system.
[0040] FIG. 2B is a flow-chart illustrating the operation of
a mode detection process in a tri-mode audio system.

[0041] FIG. 3 is a low-chart illustrating the operation of a
battery monitoring process in a dual-mode audio system.
[0042] FIG. 4 is a diagram of a sport utility vehicle having
arear setof controls and rear speakers mounted onits tailgate.
[0043] FIGS. SA-5D are side views of an automobile hav-
ing rear speakers mounted in four different locations.

[0044] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0045] AsshowninFIG. 1A, an automobile (e.g.. an SUV)
10 includes an audio system 20 that is configured to operate in
two modes: a conventional mode and an open mode.

[0046] The conventional mode is a mode of operation in
which audio system 20 is configured for play when all of the
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doors of the vehicle are closed and the primary listening
position of interest is the seating area within the passenger
compartment. In this mode, sound is radiated within the pas-
senger compartment as in a conventional automobile audio
system.

[0047] The open mode is a mode of operation in which
audio system 20 is configured for play when the tailgate 11 is
open. In this mode, sound is radiated through the open tailgate
and/or through the vehicle’s body panels or other openings to
the outside environment. The primary listening position of
interest in this case is outside of the vehicle, typically in line
with the open tailgate 11. In other embodiments, the open
mode of operation may be configured for play when one or
mote doors (including a tailgate) are open.

[0048] Because the acoustic characteristics of the vehicle
are significantly different when all of the doors are closed
versus when one or more doors are opened, and because the
listening positions of primary concern are different in the
different modes, the audio system 20 adjusts system configu-
ration in order to better optimize performance in each mode.
As will be explained in greater detail below, adjustment of
system configuration may include altering the system topol-
ogy for each mode of operation, as well as performing differ-
ent signal processing operations such as equalization, signal
mixing, amplification, dynamic range control, spatial
enhancement processes and other signal processing tech-
niques on the channels of audio data in each mode of opera-
tion. The system topology defines how different signals pro-
vided by an audio source are routed to the different speakers
of the andio system.

[0049] Additionally, audio system 20 features a battery
monitoring process which monitors one or more operating
conditions of the automobile battery 30 and takes one or more
actions based on whether the system 20 is primarily running
offof'the battery and the state of one or more of the monitored
operating conditions. As will be explained in greater detail
below, the battery monitoring process takes various actions
including triggering an alarm and altering the system con-
figuration in order to conserve battery power.

[0050] Referring again to FIG. 1A, audio system 20
includes one or more audio sources (not shown) such as a
stereo radio, CD player, DVD player, and/or an MP3 player,
which may be mounted in or near a front control console 21,
a rear control console 22, or at another location within the
automobile 10. The front and rear control consoles 21, 22
each may contain a set of controls (e.g., volume, source
selection, track selection, play, pause, etc.) for the audio
sources included within the system 20.

[0051] Audio system 20 also includes two pair of front
speakers 24a-24b, 24c-24d., a pair of side speakers 26a-26b, a
pair of rear speakers 284-28b, and a woofer 29.

[0052] Itshould be noted that the arrangement of elements.
as well as the number of elements shown in FIG. 1A, were
chosen to illustrate the novel features of the invention. It
should be understood that the invention is not limited to use of
the particular configuration of speaker elements and place-
ments shown. For example, as shown in FIG. 1B, another
dual-mode audio system 20' may include a front center
speaker 25' located in the dashboard ofthe automobile 10'and
a rear center speaker 23' located near the rear of the passen-
ger’s compartment in the vehicle.

[0053] FIGS. 2A and 3 illustrate operation of the audio
system 20 shown in FIG. 1A.
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[0054] As shown in FIG. 2A, the audio system 20 includes
a mode detection process 100 which detects when the system
20 is turned on 102 and when a switching event 108, 114
occurs. A switching event occurs when a user changes the
state of a switch provided within the system 20. One or more
manual switches may be located on the front control panel 21
(shownin FIG. 1A), rear control panel 22, on a remote control
device, on a key fob, orin another location. Since it is possible
that significant changes would be made in system operation
when the mode is changed, having a manual switch keeps
from dramatically changing system operation while passen-
gers remain inside the vehicle.

[0055] In other embodiments, a switching event may occur
automatically. For example, a switching event may occur
automatically when the system detects that a tailgate or door
1s open and the vehicle engine is not running (which can be
sensed by the state of the ignition interlock, the RPM of the
engine, or some other means). It may also be desirable to
sense if passengers remain in the vehicle cabin, which could
be done using seat switches, ultrasonic motion detectors, or
some other method. Thus, in other embodiments, the system
may automatically switch modes to the open mode when the
tailgate or door is open, the engine is off, and no passengers
are occupying the vehicle cabin.

[0056] Rcferring again to FIG. 2A, when the modc detee-
tion process 100 detects that the system 20 has been turned on
102, the process 100 will place the system in a conventional
mode of operation 104. By automatically reverting to a con-
ventional mode when the system is turned on, the system
avoids a situation where the driver gets into the vehicle and
turns on the system afier it had been switched to open mode.
However, in other embodiments, a mode detection process in
a dual-mode audio system could be configured to start up in
different modes depending on how the system was turned on
or the state of a switch. For example, if the system was turned
on using controls mounted in the front of the vehicle, the
system may assume that someone would be inside the vehicle
and the system should start in conventional mode. If the
system were turned on using controls that were easily acces-
sible from outside the vehicle (such as controls located in rear
console 22, or controls located on a remote control), the
system may be configured to start up in open mode.

[0057] When the system 20 is placed in the conventional
mode of operation 104, the system 20 is in a first system
configuration 106 which, as will be explained in more detail
below, has a first system topology and performs a first set of
signal processing operations which are configured for play
with the doors of the vehicle closed and the primary listening
position within the passenger’s compartment. The system 20
remains in its first system configuration 106 until a switching
event is detected 108.

[0058] Ifaswitching event is detected 108, mode detection
process 100 places the system in the open mode of operation
110 and the system 20 is changed over 1o a second system
configuration 112 which has a second system topology and
performs a second set signal processing operations that is
configured for play with the tailgate of the vehicle opened and
the primarily listening position outside of the vehicle, near the
rear opening.

[0059] If another switching event 114 is detected, then the
mode detection process 100 reverts the system 20 back to the
conventional mode of operation 104 and the system is placed
in the first system configuration 106.
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[0060] In each system configuration, 106, 112, the system
20 has a certain system topology which defines how different
signals provided by an audio source are routed to the various
speakers in the system. In the first system configuration 106,
the system topology is arranged in order to better optimize the
system for play with the doors of the automobile closed and
the primary listening in the seating area in the passenger
compartment. Similarly, in the second systemn configuration
112, the system topology is arranged in order to better opti-
mize the system for play with a rear tailgate opened and the
primary listening position outside the automobile near the
rear opening. For example, in an audio system 20 having a
speaker configuration similar to the arrangement in FIG. 1A
and an audio source which produces 5.1 channels of audio
data (i.e., front left, front right, front center, left surround, and
right surround of full bandwidth (20-20 kHz) audio data plus
a sixth channel of low frequency audio data), the first and
second system configuration 106, 112 may have a system
topology as shown in Table 1.

TABLEI
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[0061] In other embodiments, a system configuration may
include a topology in which one or more speakers are shut off
in different modes of operation. For example, referring again
to FIG. 1A, the front lefi and right speakers 24a-24d may be
shut off in the open mode of play leaving the side speakers to
output left and right surround sound. Alternatively, the side
speakers may be shut off in the open mode, leaving the front
speakers to output the left and right surround sound. Simi-
larly, the rear speakers 28a-28b may be shut off in the con-
ventional mode leaving the side speakers to output the sur-
round sound.

[0062] Other embodiments may shut off front speakers
24a-24d (shown in F1G. 1) and side speakers 26a-265 in open
mode. In this arrangement, left, right and center surround
signals would be mixed with the left. right and center front
signals that are fed to speakers 284-285.

[0063] Inaddition to changing the system topology in each
mode of operation, the first and second system configuration
106, 112 also perform different signal processing operations

System Topology in Conventional
Made (i.e.. speakers (shown in FIG.
1A) which receive audio data in the

Audio Data Conventional mode)

System Topology in Open Mode (ie.,
speakers (shown in FIG. 1A) which

receive audio data in the Open mode)

Front left speakers 24h, 244

Front right speakers 24a, 24¢
Provided equally to front left and right
speakers 24a-24d

Side left speaker 26b and rear lefi
speaker 28b

Right Surround audio Side right speaker 26a and rear right
data speaker 28a

Low Frequency data (i.e.,  Subwoofer speaker 29

the .1 channel)

Front left audio data
Front right audio data
Front center data

Left Surround audio data

Rear left speaker 28b

Rear right speaker 28a

Provided equally to rear left and rear
right speakers 28a-28b

Side left speaker 26b and front left
speakers 2da, 24d

Side right speakers 26a and front right
speakers 24a, 24¢

Subwoofer speaker 29

In other separate embodiments, many other speaker arrange-
ments and routing of audio data is possible. For example, an
audio system may have a speaker arrangement as shown in
FIG. 1B and may have an audio source which produces 6.1
channels of audio data including a front left, front right, front
center, left surround, right surround, and center surround of
full bandwidth (20-20 kHz) of audio data plus a sixth channel
of low frequency audio data. In this example, the system
configuration 106, 112 may have the system topology as
shown in Table II.

TABLE 11

in each mode. Signal processing operations may include
operations such as equalization, amplification, signal mixing,
spatial enhancement, dynamic range control and other signal
processing techniques on one or more channels of audio data
in order to alter the frequency response (both magnitude and
phase as a function of frequency), polarity, and the magnitude
of the voltage level of the signals delivered to each of the
speaker channels in each the mode of operation.

[0064] The first and second system configurations 106,
112, may perform different equalization signal processing

System Topology in Conventional

Audio Data

Maode {i.e., speakers (shown in FIG.
1B) which receive audio data in the
Conventional mode)

System Topology in Open Mode (i.e.,
speakers (shown in FIG. 1B) which
receive audio data in the Open mode)

Front left andio data
Front right audio data
Front center data

Left Surround audio data

Right Surround audio
data

Center Surround andio
data

Low Frequency data (i.e.,
the .1 channel)

Front left speakers 24b, 24d

Front right speakers 24a, 24¢

Front center speaker 25

Side left speaker 26b and rear left
speaker 28b

Side right speaker 26a and rear right
speaker 28a

Cemter rear speaker 23

Subwoofer speaker 29

Rear left speaker 28b

Rear right speaker 28a

Rear center speaker 23

Side left speaker 26b and front left
speakers 24a, 24d

Side right speakers 26a and front right
speakers 24a, 24c

Center front speaker 25

Subwoofer speaker 29
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operations in order to provide for a different frequency
response of the system 20 in each mode of operation. Equal-
ization signal processing may be performed using any of the
various techniques known in the art. For example. equaliza-
tion signal processing may be performed on each channel of
audio data by passing the data through one or more digital
filters whose filter coefficients are stored in memory and
provided to the digital signal processor. Sets of filter coeffi-
cients corresponding to each mode of operation would be
stored in memory, and the system could switch sets of coef-
ficients according to commands issued by the mode detection
process 100.

[0065] Equalization processing operations may also be
implemented in the analog domain by providing physically
separate circuits with separate sets of filters for each mode of
operation. Different circuits would be switched into or out of
the signal path in accordance with commands issued by the
mode control process 100. Alternatively, there may be one
physical circuit in which the performance can be dynamically
adjusted through use of variable gain circuits, voltage con-
trolled filters, switchable electrical component values.
swilched capacitor filters, or any other form of adjustable or
programmable analog filters or signal processors.

[0066] Equalization signal processing operations, whether
implemented in the digital or analog domain. should be
designed to provide a smoother frequency response of the
audio system in each mode of play as compared to the fre-
quency response of the system with no equalization. Further-
more, the frequency response of the system measured at the
desired listening position for the open mode of operation
(outside of the vehicle in line with the open door or tailgate)
should be smoother using the signal processing designed for
operation in the open mode than the response would be if the
conventional mode signal processing were used. For each
mode of operation, the overall measured frequency response
of the system measured at each desired listening position will
generally be similar in character. However, the frequency
response of the signal processing used for each mode will
generally be significantly different. For purposes of discus-
sion, it should be noted that we will sometimes refer to signal
processing used for equalization as a ‘channel of equaliza-
tion” in this specification. The channel of equalization may be
accomplished using either analog or digital techniques. We
will also sometimes refer to the frequency response of the
signal processing as the ‘frequency response of the channel of
equalization’,

[0067] First and second system configurations 106, 112,
may include different amplification processing operations of
the andio signals applied to a speaker for each mode of opera-
tion. In other words, the first system configuration 106 may
include signal processing operations which adjust the ampli-
fication of the audio signals in one manner, and the second
system configuration may include signal processing opera-
tions which adjust the amplification of the audio signals in a
different manner. Adjusting the amplification of the audio
signals may be performed using any of the techniques known
in the art. Adjusting gain can be done in multiple places within
thesignal path of'an audio signal, and the system is not limited
in the locations where gain adjustment occurs. For example,
the amplification of an audio signal applied to a speaker may
be adjusted by changing the gain of an amplifier in the signal
path of a particular speaker. In a digital system, the gamn for
each channel for each mode of operation may be determined
by a multiplication coefficient or set of filter coeflicients
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stored in memory and supplied to a digital signal processor in
order to control the level of the signal supplied to one or more
speakers in each mode of operation. The gain may also be
adjusted in the analog domain by controlling a variable gain
analog amplifier (or other known methods of controlling gain
in an analog system) located in the signal path of'each channel
of audio data.

[0068] The firstand second system configurations 106, 112
may perform different signal mixing signal processing func-
tions in each mode of operation. Signal mixing operations
involve summing various signals together is various propor-
tions. Mixing may occur in one or both modes of operation.
Summing can be accomplished using op amp summer cir-
cuitry in the analog domain, or data values can be directly
summed by a microprocessor or digital signal processor.
[0069] The first and second system configuration 106, 112
may include different spatial enhancement signal processing
in each mode of operation. Spatial enhancement signal pro-
cessing generally improves the spatial character of the sound
field created by the system and may be implemented using
any of the techniques known in the art. One spatial enhance-
ment technique for two-channel audio involves determining
first sum and difference signals by altemmately adding and
subtracting first and second signals from each other (herein-
after referred to as a matrix operation). Next, some form of
signal processing 1s applied at least to the difference signal (or
possibly to both the sum and difference signals, where the
processing applied to the sum and difference signals is dif-
ferent), then a second matrix operation (take sum and differ-
ence of processed sum and difference signals) is performed to
generate third and fourth signals. These third and fourth sig-
nals are now spatially enhanced versions of the first and
second signals. Other enhancement techniques might only
operate on a difference signal. In these methods, a difference
of two signals is taken. The difference signal is modified in
some manner, then added back to one of the original channels
and subtracted from the other of the original channels.
[0070] Inthe open mode of operation, spatial enhancement
may be performed on the signals provided to the rear speakers
(e.g., speakers 284-28b in FIG. 1A) since these speakers will
most likely be the primary speakers providing sound to lis-
teners. Spatial enhancement may be performed on the com-
plete signals applied to the rear speakers, or may be applied to
only a portion of the signals applied to the rear speakers. For
example, for reproduction of a surround sound signal source.
center channel information may be applied to each rear
speaker equally. without any spatial enhancement processing.
Simultaneously, left and right channel signals may be applied
to left and right speakers respectively. These could be applied
with or without spatial enhancement processing. Similarly,
left and right surround signals could be applied with or with-
out spatial enhancement processing to left and right speakers
respectively. where the spatial enhancement processing used
could either be the same as or different from that applied to the
left and right channel signals. In one particular embodiment,
the second configuration feeds center channel signals equally
to rear speakers 28a-285 (shown in FIG. 1A) without spatial
enhancement, front left and right signals to left and right rear
speakers 28a-28b respectively without spatial enhancement,
and spatially enhanced left and right surround signals to left
and right rear speakers 28a-28b respectively.

[0071] Other combinations of performing spatial enhance-
ment processing of various signals is also possible. For
example, a system such as that described in co-pending appli-
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cation titled “Audio Signal Processing” having U.S. Ser. No.
09/886.868 filed on Jun. 21, 2001 and assigned to Bose®
Corporation, which is herein incorporated by reference, could
be used in the rear of the vehicle, where spatial enhancement
processing is used with the configuration of speakers dis-
closed.

[0072] It should be understood that spatial enhancement is
not limited to the second system configuration during the
open mode of operation, but may also be performed on the
audio signals provided to one or more sets of speakers (e.g..
the front sets of speakers 24a-24b, 24¢c-24d or rear sets of
speakers 26 a-b, 28 a-b shown in FIG. 1A) in first system
configuration during the conventional mode of operation.
[0073] It should be noted that other signal processing
operations which affect system functions or performance
attributes may change in the conventional and open mode of
operation. Forexample, the dynamic range of the audio signal
supplied to one or more speakers may be changed depending
on the mode of operation. Additionally, balance/fade settings
may be changed depending on the operation (c.g., fade con-
trol may be shut off or set to some fixed position in the open
mode).

[0074] Equalization processes, amplification, spatial
enhancement, signal mixing, dynamic range adjustment, and
other signal processes may take place in either the digital
domain with a device such as digital signal processor, micro-
processor, digital amplifier, or other suitable digital device, or
in the analog domain with separate physical circuits or a
single physical circuit with dynamically adjustable elements
(e.g.. variable gain amplifiers, voltage controlled filters, etc.).
[0075] Additionally, while a dual-mode audio system is
illustrated in FIG. 2A, the concept may be extended to audio
systems which operate in three or more modes of operation.
Forexample, as shown in FIG. 2B, an audio system may have
a first system configuration 154 (with a first topology and a
first set of signal processing operations) in a conventional
mode when all of the doors of the automobile are closed, a
second system configuration 162 (with a second topology and
second set of signal processing operations) when one set of
doors (e.g., a tailgate only) are open, and a third system
configuration 168 (with a third topology and a third set signal
processing operations) when a different set of doors (e.g., a
tailgate and a rear door) are open. When a switching event
occurs 156, 164, 170, mode detection process 150 determines
the proper mode of operation 152, 160, 166 based on the state
of aswitch and/or the state of one or more phy sical conditions
of the automobile (e.g., whether doors are opened/closed,
engine is off/running, passenger infout of driver’s seat, etc.)
and modifies the audio data accordingly.

[0076] As shown in FIG. 3, audio system 20 also may
include a battery monitoring process 200 which may receive
input 202 from the automobile 10 that indicates whether the
engine of the automobile is running, which tells the audio
system whether the primary power supply is the automobile’s
battery or another power source such as an alternator. Numer-
ous possible signals could be provided to indicate whether or
not the engine is running, such as a tachometer signal indi-
cating the RPM of the engine (i.e., if RPM is zero, then the
engine is not running and power is being drawn primarily
from the battery), a signal indicating the state of the ignition
lock (i.e., if the ignition is locked then the automobile is not
running), or any of a number of digital signals that may be
available on a communications bus which may be included in
a vehicle electrical system.
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[0077] If the battery condition monitoring process 200
detects that the engine is running 203 (and thus power is not
being primarily drawn from the battery), then there is no
adjustment to the system configuration in order to conserve
battery power 204.

[0078] When the battery condition monitoring process 200
detects that the engine is not running 203 (and thus power is
being primarily drawn from the battery), the system 20 may
adjust system configuration (i.e., system topology, signal pro-
cessing operations or both) to conserve battery power 206
using a variety of techniques without substantially degrading
system performance. For example, since the front speakers
(e.g.. 24a-b. 24¢c-244 in FIG. 1A) consume power but do not
appreciably affect system performance outside the rear of the
vehicle, the system may be configured to shut off the front
pair speakers when operating under battery power in open
mode. Similarly, the rear speakers (284-286 in FIG. 1A) may
be shut off when operating in the conventional mode. Thus, it
should be understood that the adjustment to signal processes
to conserve power 206 may differ depending on the mode of
operation of the audio system 20. By adjusting system con-
figuration in order to conserve power when the battery moni-
toring process detects that the engine is not running, the
system is able to extend the length of time it may operate
under battery power.

[0079] Speakers may be shut off in a variety of ways,
including by muting the output of the amplifier feeding a
particular speaker, placing the amplifier in a standby mode
(many commercially-available amplifier integrated circuits,
such as the TDA 8567Q amplifier manufactured by Philips®
Semiconductor, are configured with both mute and standby
modes), reducing the audio signal fed into an amplifier 1o
substantially zero, interrupting the signal path between an
amplifier and a speaker, or removing power from an amplifier
feeding a particular circuit or speaker.

[0080] Since a significant amount of power is concentrated
in the low frequency portion of music, the system may the
raise cutoff frequencies (or increase the order of attenuation
as a function of frequency, or both) of high pass filters that
may be located in the signal path of one or more of the signals
delivered to the speakers in order to conserve power.

[0081] Power may also be conserved by reducing the mag-
nitude ofthe voltage of the audio signal applied to one or more
speakers. One technique for reducing the magnitude of the
voltage is to reduce the gain in the signal path of the audio
signal (which can be done by changing the gain of an ampli-
fier, or the attenuation of' a passive attenuator in analog imple-
mentations, or by changing coefficients in digital filters or
digital multiplication operations in digital systems). Another
technique for reducing the magnitude of the voltage of audio
signals is through the use of adynamic range control device in
the signal path of the audio signal. A dynamic range control
device is a device which limits, compresses, expands or oth-
erwise changes the dynamic range of an audio signal.
[0082] One use of dynamic range control devices in audio
systems is to keep a device (typically a power amplifier) from
clipping its output. A dynamic rangc control device used in
this type of application is commonly known as a limiter and is
configured to keep the maximum voltage applied to the
amplifier below a set minimum value under all operating
conditions.

[0083] Dynamic range control devices are typically con-
structed using a variable gain element (such as an amplifier in
an analog implementation or a multiplier in a digital imple-
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mentation), a control element, and a signal detector of some
type (typically a level detector to detect, peak, average or
RMS level of a signal. although other types of detectors are
also possible), where the gain of the variable gain element is
varied as some function of the detected signal of interest by
the control element. The function defines the relationship
between the gain of the variable gain element and the detected
quantity of the signal of interest. The nature of the function
may change depending on the detected quantity, or may
remain constant over the entire range of detected values. For
example, a threshold value for the detected quantity may be
determined, where the gain of the variable gain element is not
changed as long as the detected quantity remains below the
threshold value, but the gain is changed according to the
specified function if the detected quantity exceeds the thresh-
old level. Limiters work by reducing the gain of the variable
gain element when the sensed parameter of the signal exceeds
some set threshold value, which is usually chosen to allow
maximum output of a device (such as a power amplifier)
without clipping. Thus, in one embodiment the battery moni-
toring process may reduce the maximum voltage of an audio
signal applied to one or more speakers by lowering the thresh-
old value of a limiter when the battery monitoring process 200
detects that the audio system 20 is primarily ninning offof the
battcry.

[0084] Referring again to FIG. 3, the battery condition
monitoring process 200 receives input 208 about various
operating conditions of the battery and estimates the approxi-
mate amount of energy remaining in the battery, in order to
ensure that there is sufficient charge remaining in the battery
to re-start the automobile. If the estimated battery capacity
reaches or falls below a predetermined threshold value, then
the system 20 may notify the user that battery energy is
getting low 210 and may take further power conservations
measures 212.

[0085] The battery condition monitoring process 200
receives input 208 indicating various factors related to the
current operating condition of the battery. These conditions
may include the discharge current magnitude and rate, the
accumulated time discharging has been occurring, the ambi-
ent temperature, battery output voltage, and other conditions
that one skilled in the art might wish to monitor in order to
estimate the remaining capacity of the battery. From these
conditions, process 200 estimates the remaining capacity of
the battery.

[0086] The voltage profile of a battery is the relationship
between the battery output voltage and the discharge condi-
tions (length of time the battery has been discharging, rate of
discharge, magnitude of discharge current, temperature). The
output voltage of a secondary (re-chargeable) battery
decreases over time according the discharge conditions. Bat-
teries, like lead-acid batteries commonly used in automo-
biles, do not have a singular discharge curve over all operating
temperatures and discharge currents. Rather, a particular bat-
tery’s voltage profile curve is a function of the operating
conditions described above. The set of battery voltage profile
curves for a particular battery are readily available from the
manufacturer. Manufacturers also provide curves showing
battery capacity as a function of operating conditions. One
technique for estimating the remaining capacity of the battery
mvolves determining where the battery is operating on its
appropriate discharge (profile) curve, given the (monitored)
operating conditions. From this information and the capacity
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information available from the manufacturer, the remaining
battery capacity can be estimated.

[0087] Another technique for estimating the remaining
capacity of the battery is to estimate the state of charge of the
battery by measuring how much energy is put into it during
charging and how much energy is drained from it whenitis in
use. This is sometimes called coulomb counting. In a separate
embodiment, a battery monitoring process may monitor the
amount of current being discharged from the battery as well
as the amount of current that charges the battery and, from
these measurements, estimate the remaining charge in the
battery.

[0088] When the estimated capacity reaches a predeter-
mined value above the minimum level necessary [or normal
re-starting of the vehicle (which is set as the battery capacity
threshold value), the battery condition monitoring process
200 will inform the user 210 by issuing an alarm, which can
be audible (e.g., output through the audio system) or visual
(e.g., on a visual display) or tactile (e.g. actuate a vibrating
device such as a pager). In other scparate embodiments, the
battery condition monitoring process 200 may shut down the
audio system or place the system in a standby (or sleep) mode
in which all unnecessary components, including all amplifi-
ers, are shut off when the estimated capacity reaches the
battery capacity threshold value. Also, in a vehicle equipped
with remote starting capability, a battery condition monitor-
ing process may trigger the remote starting process to peri-
odically start the vehicle to recharge the battery when the
estimated capacity reaches the battery capacity threshold
value.

[0089] In other separate embodiments, a battery condition
monitoring process may have several predetermined thresh-
olds which cause the system to take different power conser-
vation measures (e.g.. shutting off speakers, adjusting equal-
ization. automatically starting the automobile, reducing the
magnitude of voltage of the audio signals applied to a speaker,
placing the system in a standby mode, shutting off the system
etc.) at different predetermined holds.

[0090] In another embodiment, an audio system may
include a battery monitoring process which does not estimate
the remaining capacity of the bay, but which monitors one or
more operating conditions of the battery such as the discharge
current, current drawn by the audio system, temperature, or
the battery’s voltage. The battery monitoring process which
monitors the operating condition of the battery may take one
or more actions, such as triggering an alarm, reducing power
consumption, placing the system in a standby mode, or com-
pletely shutting down the system, if the operating condition of
the battery reaches a predetermined state. The predetermined
state may be the state of one or more of the monitored con-
ditions such as the battery voltage. discharge current. and
ambient temperature, or a combination of conditions.
[0091] It should be noted that any number of the known
techniques for estimating the remaining capacity of a battery
or monitoring the operating condition of a battery may be
utilized in other embodiments and the invention is not limited
to the particular embodiments described above.

[0092] In other separate embodiments, an audio system
may raise the cut-off frequencies of the high pass filters, shut
off’ speakers, limit the gain of the amplifiers, reduce the
dynamic range of audio signals, or take other energy conser-
vation measures either whenever operation on battery power
is detected (as shown in FIG. 2A), or when remaining battery
energy decreases to a predetermined threshold. It should be
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understood that a battery monitoring process may be imple-
mented in a dual mode audio system (as in audio system 20
shown in FIG. 1A-1B) or in a purely conventional audio
system.

[0093] Thecircuitry implementing the mode selection, bat-
tery condition monitoring processes, and system configura-
tions 100, 200, 106, 112, 206, 210, 212 illustrated in FIG. 2-3
may be implemented in hardware, software, firmware or the
like in one or more locations in the audio system 20. For
example, the circuitry for all of the processes may be physi-
cally located in the front control console 21 or rear control
console 22 (in FIG. 1A) or the circuitry may be distributed
across several devices of the system.

[0094] In a conventional vehicle audio system, the audio
sources are typically located in front of the vehicle or at least
a control interface for the audio sources is located in the [ront.
When the audio system is operating in the open mode, for
convenience, the audio sources or at least a set of controls for
the audio sources should be accessible from the open tailgate
(or door), which would normally be at the rear of the vehicle
where the listeners would be located. As shown in FIG. 4, a
duplicate set of user controls 80 is provided within the vehicle
10 cabin near the opening of the rear tailgate 50. This may be
a complete set of duplicate controls, such as source selection,
volume, and source transport controls (e.g., play, stop, pause,
skip forward, skip backwards, fast forward, last reverse, pre-
set selection, tune up or down, etc.). Alternatively, the rear
console may be some subset of the complete control interface
present in the front of the wehicle. Additionally, FIG. 4 shows
a set of speakers 64 mounted on the vehicle’s tailgate 50 such
that their primary axis of radiation 70 is directed at an angle of
approximately 45 degrees relative to the plane of the ground
on which the vehicle sits when the tailgate 50 is opened, and
the primary axis of radiation 70 subsiantially faces into the
passenger compartment of the vehicle when the tailgate is
closed.

[0095] An additional way of controlling the audio sources
from the rear of the vehicle is to implement the control func-
tions using a remote control. A separate remote control may
be used, or audio system control functions could be integrated
onto a vehicle key fob remote, similar to those for remote
keyless entry. Using a key fob remote, a plurality of buttons
can be added to the key fob to provide limited audio function
controls such as volume and source selection. Alternatively,
existing key fob remote buttons that operate normal functions
such as lock and unlock with the vehicle operating in conven-
tional mode, can be re-mapped to operate audio functions
when the vehicle is operating in open mode. Re-mapping
could occur by activating a switch, button, or a sequence of
buttons to change the remote function from normal vehicle
functions to audio system functions. For example, one
method to do this is by adding a shift button that changes the
functions of other buttons on the remote. Alternatively, the
vehicle could sense the mode, and change its interpretation of
the commands sent by the key fob remote. For example, lock
and unlock could become volume up and down when the
system was operating in open mode.

[0096] Additionally, one or more external audio system
inputs may be provided in the rear of the vehicle. For
example, one input may be optimized to accept the output of
a microphone. In this case, additional pre-amplification (and
possibly a separate volume control) may be required. This
would allow the vehicle to be used as a portable public
address system. A line level input may also be provided. This
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would allow additional sources, such as a portable MP3 or CD
player, to be connected to the system and be easily accessible
from the rear.

[0097] Other features may be included in a rear control
panel. For example, when the vehicle is equipped with an
integrated video source (DVD-video, VHS, etc), a video out-
put jack can be made accessible from the rear of the vehicle,
so a video display may be attached.

[0098] FIGS. SA-5D illustrate several locations where rear
speakers may be mounted in order to provide high quality
sound for both modes of operation. It should be noted that the
speakers illustrated in FIGS. SA-5D may be upper frequency
speakers (e.g., tweeters, mid-ranges), or may be substantially
[ull range speakers (which radiate sound over the majority of
the audible frequency range of the human auditory system).
Additionally, although speakers 60, 62, 64, and 66 shown in
FIGS. 5A, 5B, 5C, and 5D, respectively, are shown as indi-
vidual transducers, it should be understood that the speakers
may also be mounted within enclosures.

[0099] The primary axis of radiation of a speaker is the
direction in which the speaker radiates maximum energy over
the majority of its operating range. This direction is typically
in line with physical center axis of symmetry of an axi-
symmetric transducer. For ease of understanding, axi-sym-
metric transducers are assumed to be used here, and the axis
of primary radiation is assumed to be aligned with the center
axis of symmetry of the transducer and points away from the
front surface of the primary radiating surface of the trans-
ducer, where the front surface is the surface that is coupled to
the listening environment. It should be noted, however, that
the invention is not limited to use of axi-symmetric transduc-
ers. The orientations described can be adjusted as needed
such that sound radiation is directed in the desired directions.
[0100] As shown in FIG. 5A, an automobile 10 includes a
rear tailgate 50 having an upper hinge 51 which is shown as
open. A pair of rear speakers 60 (e.g., mid-range speakers) are
mounted within the automobile cabin near the opening of the
tailgate 50 such that the pair of speakers 60 are outwardly
directed from the cabin when the tailgate 50 is opened. When
the tailgate 50 is closed, sound from speaker pair 60 is
reflected off of the tailgate back into the automobile cabin.
There are numerous locations in the rear portion of the cabin
of the automobile where speakers 60 may be mounted and the
invention is not limited 1o the specific location illustrated in
FIG. SA. Additionally the speaker pair 60 may be oriented
such that they do not point directly at the tailgate 50 when the
tailgate is closed, but may be angled with respect to the
tailgate 50. For example, in separate embodiments. speaker
pair 60 may be mounted on the cabin floor, cabin ceiling,
cabin sidewalls, rear cabin deck, or back of the rearmost seat
in the automobile 10. Finally, an additional speaker, such asa
subwoofer, may also be mounted within the passenger com-
partment near the tailgate.

[0101] FIGS. SB-5C illustrate additional separate embodi-
ments of where pairs of rear speakers may be mounted on an
automobile 10 having a tailgate 50. Specifically, FIG. 5B
shows a pair of rcar speakers 62 mounted within the automo-
bile cabin near the top hinge 51 of the tailgate 50.

[0102] FIG.5C showsa pair of rear speakers 64 mounted on
the tailgate 50 such that the left speaker is located in the upper
left-hand side of the tailgate and a right speaker is located in
the upper right-hand side of the tailgate. The speakers 64 may
be mounted within the trim of the tailgate 50. The speakers
may also be mounted on a window on the tailgate 50 using
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methods similar to those used to attach a rear view mirror to
a front windshield. The window mounted speakers may addi-
tionally be attached to the trim surrounding the window for
additional structural support. The pair of rear speakers 64 are
also oriented such that the primary axis of radiation 70 of the
speakers 64 face substantially towards the rear of the auto-
mobile 10 and are angled at an angle of approximately 45
degrees relative to a plane parallel to the ground when the
tailgate is open. Similarly, the primary axis of radiation 70 of
the speakers 64 is pointed substantially towards the passenger
cabin when the tailgate is closed. This speaker orientation
may be particularly advantageous because it directs sound
into the vehicle when the tailgate is closed and also outwardly
directs sound from the vehicle when the tailgate is open.
Thus, this speaker orientation is particularly well-suited for
accommodating both modes of operation of the audio system.
[0103] FIG. 5D shows another pair of rear speakers 66
mounted on the tailgate 50 roughly midway between the
upper hinge 51 and lower edge 52 of the tailgate 50. While this
speaker orientation is well-suited for operation in the conven-
tional mode of operation because sound is directed into the
passenger cabin when the tailgate is closed, this orientation
may not be optimal for listeners that are located behind the
automobile 10, away from the tailgate, as these listeners will
be significantly off-axis to the main axis of radiation of the
speakers 66.

[0104) While FIGS. 5A-5D illustrate various locations of a
single pair of rear speakers, additional separate embodiments
may include audio systems where multiple pairs of rear
speakers are mounted at multiple locations in automobile
cabin and tailgate. Additionally, note that speakers 60, 62, 64.
and 66 shown in FIGS. 5A, 5B, 5C and 5D, respectively,
represent a pair of speakers symmetrically located within the
automobile, where the axis of symmetry 1s the centerline of
the automobile 10.

[0105] A number of embodiments have been described.
however, it is evident that those skilled in the art may make
numerous modifications of the departures from the specific
apparatus and techniques disclosed herein without departing
from the inventive concepts. Consequently, the invention is to
be construed as embracing each and every novel feature and
novel combination of features present in or possessed by the
apparatus and techniques disclosed herein and limited solely
by the spirit and scope of the appended claims.

1-54. (canceled)

55. A method for operating an audio system having a plu-
rality of speakers in a vehicle with a battery, the method
comprising;

monitoring one or more operating conditions of the bat-

tery:

comparing one or more of the monitored conditions of the

battery to a predetermined state; and

if one or more of the monitored operating conditions of the

battery reaches the predetermined state, then turning off
a subset of the plurality of speakers.

56. The method of claim 55, wherein the step of monitoring
one or more operating conditions of the battery comprises one
or more of following:

sensing the output voltage level of the battery.

sensing the discharge current of the battery: or

sensing the ambient temperature.

57. The method of claim 55, wherein the audio system
further comprises a plurality of amplifiers and each of the

plurality of speakers is supplied an audio signal provided by
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one of the plurality of amplifiers, and wherein the step of
turning off a subset of the plurality of speakers comprises one
of the following steps:

muting the output of an amplifier supplying an audio signal

to a speaker,

placing an amplifier supplying an audio signal to a speaker

in standby mode,

reducing the voltage of the audio signal input into an ampli-

fier supplying an audio signal to a speaker to approxi-
mately zero,

disconnecting the one or more loudspeakers from an

amplifier, or

removing electrical power from one or more amplifiers.

58. A method for operating an audio system having one or
more equalization signal processes in a vehicle with a battery,
the method comprising:

monitoring one or more operating conditions of the bat-

tery;

comparing one or more of the monitored conditions of the

battery to a predetermined state; and

if one or more of the monitored operating conditions of the

battery reaches the predetermined state, then adjusting
one or more of equalization signal processes to change
the frequency response of the audio system.

59. The method of claim 58, wherein one of the equaliza-
tion processes ncludes a high pass [ilter having a cutoll
frequency, and the step of adjusting one or more of the equal-
ization processes comprises raising the cutoff frequency of
the high pass filter.

60. The method of claim 58, wherein monitoring one or
more operating conditions of the battery comprises one or
more of following:

sensing the output voltage level of the battery,

sensing the discharge current of the battery; or

sensing the ambient temperature.

61. A method for operating an audio system having one or
more variable gain elements in a vehicle with a battery, the
method comprising:

monitoring one or more operating conditions of the bat-

tery;

comparing one or more of the monitored conditions of the

battery to a predetermined state; and

if one or more of the monitored operating conditions of the

battery reaches the predetermined state, then detecting
the level of one or more of audio signals received from
an audio source, and dynamically adjusting the gain of
one or more variable gain elements as a function of the
level of one or more audio signals received from an
audio source.

62. The method of claim 61, wherein monitoring one or
more operating conditions of the battery comprises one or
more of following:

sensing the output voltage level of the battery,

sensing the discharge current of the battery; or

sensing the ambient temperature.

63. A method for operating an audio system having a plu-
rality of speakers in a vehicle with a battery, the method
comprising:

monitoring one or more operating conditions of the bat-

tery;

estimating the remaining capacity of the battery based on

one or more of the monitored operating conditions of the

battery;
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comparing the estimated remaining capacity of the battery

to a predetermined value; and

if the estimated remaining capacity of the battery is equal to

or less than a predetermined value, then causing the
audio system to take an action.

64. The method of claim 63, wherein causing the audio
system to take an action comprises triggering an alarm indi-
cating that battery capacity is becoming low.

65. The method of claim 63, wherein causing the audio
system to take an action comprises causing the automobile to
start the engine.

66. The method of claim 63, wherein causing the audio
system to take an action comprises reducing the power con-
sumption of the andio system.

67. The method of claim 66, wherein reducing the power
consumption of the audio system comprises turning off one or
more loudspeakers.

68. The method of claim 66, wherein reducing power con-
sumption of the audio system comprises turning off the sys-
tem.

69. The method of claim 66, wherein the audio system
includes a plurality of equalization processes, and reducing
power consumption of the audio system comprises:

receiving an audio signal from an audio source; and

adjusting one or more equalization processes applied to
one or more audio signals to change the frequency
response of the audio system.

70. A method for operating an audio system in an automo-
bile having a battery and an engine, wherein the audio system
inchides an audio source that produces a plurality of audio
signals and a plurality of loudspeakers, the method compris-
ing:

determining whether the engine is running; and

in response to the system determining that the engine is not

running, then changing one or more signal processes to
reduce power consumption of the audio system.

71. The method of claim 70, wherein reducing the power
consumption of the andio system comprises turning off one or
more loudspeakers.

72. The method of claim 71, wherein the audio system
includes an amplifier which provides an audio signal to one or
more loudspeakers, and the step of turning off one or more of
the loudspeakers comprises one of the following steps:

muting the output of the amplifier,

placing the amplifier in standby mode,

reducing the voltage of the audio signal input into the

amplifier to approximately zero,

disconnecting the one or more loudspeakers from the

amplifier, or

removing electrical power from the amplifier.

73. The method of claim 70, wherein the step of reducing
power consumption of the audio system comprises turning off
the system.

74. The method of claim 70, wherein said audio system
includes one or more equalization processes, and the step off
causing the audio system to take an action based on the
monitored operating condition of the battery comprises:

receiving one or more audio signals from an audio source:

and

adjusting one or more of the equalization processes per-

formed on one or more of the received audio signals to
change the frequency response of the audio system.
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75. The method of claim 70, wherein the audio system
further includes a plurality of variable gain elements and the
step of reducing the power consumption of the audio system
comprises:

receiving one or more audio signals from the audio source;

detecting the level of one or more of the audio signals, and

dynamically adjusting the gain of one or more variable gain
elements as a function of the level of the one or more
audio signals.

76. The method of claim 70, wherein each of the plurality
ofaudio signals have an associated signal path, and the step of
reducing the power consumption of the audio system com-
prises reducing the gain in one or more of the signal paths.

77. An audio system for an automobile having a plurality of
doors and a battery comprising:

an audio input source;

a plurality of loudspeakers;

a first set of operating conditions for a first mode of opera-
tion;

a second set of operating conditions for a second mode of
operation, wherein the second set of operating condi-
tions is different from the first set of operating conditions
and occurs when one of the doors of the automobile is
open; and

a switch for changing between the first and second set of
opcrating conditions.

78. The audio system of claim 77, wherein one of the doors
of the automobile is a tailgate and the first set of operating
conditions are configured for play while the tailgate is closed
and listeners are within the automobile and the second set of
operating conditions are configured for play while the tailgate
is open and listeners are outside the automobile.

79. The audio system of claim 77, further comprising at
least one channel of equalization, wherein the first set of
operating conditions defines a first frequency response of the
channel of equalization and the second set of operating con-
ditions defines a second frequency response of the channel of
equalization.

80. The audio system of claim 77, further comprising;:

a dynamic range control device configured to receive an
audio signal having a first dynamic range and output an
audio signal having a second dynamic range. wherein
the second dynamic range is different than the first
dynamic range.

81. The system of claim 80, wherein the dynamic range

control device comprises:

a variable gain element;

a signal level detector; and

a control element, wherein the control element varies the
gain of the variable gain element as a function of the
detected signal level.

82. The audio system of claim 77, wherein the first set of
operating conditions provides for a first system topology and
the second set of operating conditions provides for a second
system topology.

83. The audio system of claim 77, further comprising:

at lcast onc input indicating an opcrating condition of the
battery; and

a monitoring process coupled to the at least one input
indicating the operating condition of the battery.

84. The audio system of claim 83, wherein the monitoring
process is configured to trigger an alarm if the monitored
operating condition of the battery the reaches a predeter-
mined state.
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85. The audio system of claim 83, wherein the monitoring
process is configured to cause the audio system to implement
a third set of operating conditions if the monitored operating
condition of the battery the reaches a predetermined state.

86. The audio system of claim 85, wherein the third set of
operating conditions is configured to reduce the power con-
sumption of the audio system.

87. The audio system of claim 83. wherein the monitoring
process is configured to estimate the remaining capacity of
the battery.

88. The audio system of claim 85, wherein the monitoring
process is configured to trigger an alarm if the estimated
remaining capacity of the battery reaches a predetermined
slale.

89. The audio system of claim 77, wherein the switch is
manually controlled by a user.

90. The audio system of claim 77, further comprising input
indicating a change in a one or more physical operating con-
ditions of the automobile and wherein the switch is controlled
by a change in one or more physical operating conditions of
the automobile.

91. The audio system of claim 90, wherein one or more of
the physical operating conditions of the automobile is
whether a door is opened or closed.

92. The audio system of claim 91 wherein the door is a
tailgate.

93. The audio system of claim 77, wherein the system
further comprises:

arear control panel located within the passenger compart-
ment of the automobile towards the back of the automo-
bile, the rear control panel comprises one or more con-
trols for operating the audio system.

94. The audio system of claim 93, wherein the rear control
panel further comprises a switch for changing between the
first and second set of operating conditions.

95. The audio system of claim 93, wherein the one or more
controls for operating the audio system comprise at least one
ormore of the following: a volume control, a source selection
control, or a source transport control.

96. The audio system of claim 93, wherein the rear control
panel further comprises at least one pair of external audio
source line level inputs.

97. The audio system of claim 93, wherein the rear control
panel further comprises external a microphone level input.

98. The audio system of claim 97, wherein said rear control
panel further includes a separate volume control for control-
ling the level of the external microphone input.

99. The audio system of claim 93, wherein the audio sys-
tem further comprises an integrated video source and the rear
control panel further comprises a separate video output jack
for connection to a video display.

100. Anaudio system for an automobile having a passenger
compartment and a tailgate hingidly connected to the top
portion of the automobile’s frame comprising:

a first speaker set comprising a first speaker and a second
speaker mounted on the tailgate of the automobile,
wherein each speaker in the first set of speakers direct
sound along a primary axis of radiation and have a fixed
orientation such that each speaker’s primary axis of
radiation directs sound substantially towards the passen-
ger compartment of the automobile when the tailgate is
closed, and the speaker’s primary axis of radiation is
pointed away from the passenger compartment of the
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automobile and is angled relative to the plane of the
eround when the tailgate is opened.

101. The audio system of claim 100, wherein the angle is
approximately 45 degrees relative to the plane of the ground
when the tailgate is opened.

102. The audio system of claim 100, wherein the primary
axis of radiation is directed into the passenger compartment at
anangle that is approximately 45 degrees relative to the plane
of the ground when the tailgate is closed.

103. The audio system of claim 100, wherein the first
speaker set is located near an upper edge of the tailgate.

104. The audio system of claim 100, wherein the tailgate
includes a window, and wherein the first speaker set is
mounted on the tailgate window.

105. The audio system of claim 100, wherein the audio
system further comprises a first mode of operation configured
for play while the tailgate is closed and listeners are within the
automebile and a second mode of operation configured for
play while the tailgate is opened and listeners are outside the
automebile near the rear of the automobile.

106. The audio system of claim 105, further comprising a
second set of speakers comprising a first and second speaker,
each speaker having primary axis of radiation that is pointed
substantially towards the rear of the antomobile and which
direct sound outside the automobile in the second mode of
operation.

107. Anaudio system for an automobilehaving a passenger
compartment and a tailgate hingidly connected to the auto-
mobile’s frame and a rear seat or seats having a front portion
and a rear portion:

a first speaker set comprising a first speaker and a second
speaker mounted on the rear portion of the rear seat or
seats, wherein each speaker in the first set of speakers
directs sound along a primary axis of radiation and have
a fixed orientation such that each speaker’s primary axis
of radiation directs sound substantially away from the
passenger compartment of the automobile towards the
tailgate when the tailgate 1s closed, and the speaker’s
primary axis of radiation is pointed away from the pas-
senger compartment of the automobile and directs sound
out of the rear of the automobile when the tailgate is
opened.

108. An audio system for an automobile having a rear seat,

a passenger compartment with a floor, and a tailgate hingidly
connected to the automobile’s frame:

a first speaker set comprising a first speaker and a second
speaker mounted on the floor, wherein each speaker in
the first set of speakers directs sound along a primary
axis of radiation and have a fixed orientation such that
each speaker’s primary axis of radiation directs sound
substantially away from the passenger compartment of
the automobile towards the tailgate when the tailgate is
closed, and the speaker’s primary axis of radiation is
pointed away from the passenger compartment of the
automobile and directs sound out of the rear of the auto-
mobile when the tailgate is opened.

109. An audio system for an automobile having a rear seat,

a passenger compartment with a ceiling, and a tailgate
hingidly connected to the automobile’s frame:

a first speaker set comprising a first speaker and a second
speaker mounted on the ceiling, wherein each speaker in
the first set of speakers directs sound along a primary
axis of radiation and have a fixed orientation such that
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each speaker’s primary axis of radiation directs sound automobile and directs sound out of the rear of the auto-
substantially away from the passenger compartment of mobile when the tailgate is opened.
the automobile towards the tailgate when the tailgate is 110-112. (canceled)

closed, and the speaker’s primary axis of radiation is

pointed away from the passenger compartment of the LA S
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