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(54) ACOUSTIC PLAYBACK SYSTEM HAVING IMPROVED CANCELLATION COMPENSATION

(57)  Disclosed herein is an acoustic playback system
comprising a housing having a first side, a second side
opposite the first side, and a plurality of walls connecting
the first side with the second side; at least one amplifier
configured to receive an electrical signal representative
of an audio and output an amplified audio signal; a pri-
mary driver configured to receive the amplified audio sig-
nal and output a primary audio, based on the amplified

audio signal, from the first side; a filler driver configured
to receive the amplified audio signal and output a sec-
ondary audio, based on the amplified audio signal, from
the second side; and a filter in communication with the
filler driver and configured to apply a filter to the electrical
signal and/or the amplified audio signal; wherein the pri-
mary driver output is spaced away from the filler driver
output.
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Description

TECHNICAL FIELD

[0001] The present application relates to the field of
acoustic playback systems. In particular, the present ap-
plication relates to the compensation of cancellation ef-
fects that occur in an acoustic playback system.

SUMMARY

An acoustic playback system:

[0002] In an aspect of the present application, an
acoustic playback system is disclosed. The acoustic
playback system includes a housing. The housing has a
first side. The housing has a second side opposite the
first side. The housing has a plurality of walls connecting
the first side with the second side. The acoustic playback
system includes at least one amplifier. The at least one
amplifier is configured to receive an electrical signal rep-
resentative of an audio and output an amplified audio
signal. The acoustic playback system includes a primary
driver. The primary driver is configured to receive the
amplified audio signal. The primary driver is configured
to output a primary audio, based on the amplified audio
signal, from the first side. The acoustic playback system
includes a filler driver. The filler driver is configured to
receive the amplified audio signal. The filler driver is con-
figured to output a secondary audio, based on the am-
plified audio signal from the second side. The acoustic
playback systemincludes afilter. The filter can be in com-
munication with the filler driver. The filter is configured to
apply a filter to the electrical signal and/or the amplified
audio signal. The primary driver output is spaced away
from the filler driver output.

[0003] Advantageously, embodiments of the disclosed
acoustic playback system can avoid and/or reduce the
cancellation effect normally experienced by an acoustic
playback system located nearawall, or other acoustically
reflecting surface. The reflections by the wall lead to de-
structive interference, thereby creating dead zones of
acoustic cancellation (e.g., dips), where the acoustic out-
put of the acoustic playback system will not be heard. By
including a secondary driver, e.g., a filler driver, the dis-
closed acoustic playback system can reduce or eliminate
such adead zone thereby providing an improved hearing
experience to a user. Further, the filler driver can con-
tribute to overall sound pressure.

[0004] Disclosed herein are embodiments of an acous-
tic playback system (e.g., acoustic playback device,
acoustical playback system, audio reproduction system,
audio reproduction device). In one or more example
acoustic playback systems, the acoustic playback sys-
tem can be one of a sound bar, a speaker, a video bair,
a loudspeaker, and a subwoofer. The acoustic playback
system can include a communication bar, a satellite
speaker, a Bluetooth speaker, a built-in monitor and/or
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television speaker, and a speaker phone. The acoustic
playback system can include one or more speakers.
[0005] The acoustic playback system can be config-
ured to be located and/or mounted and/or installed at a
location near an acoustically reflective surface, such as
a wall. For example, the acoustic playback system can
include one or more components configured to connect
the acoustic playback system to and/or near a wall. In
certain examples, the acoustic playback system can be
configured to be received within a frame or other com-
ponent for locating the acoustic playback system near a
wall. As used herein, a wall can be any surface which is
acoustically reflective.

[0006] The acoustic playback system can include a
housing. The housing can be configured to retain one or
more electrical and/or acoustic components of the play-
back system. The housing can have a plurality of different
shapes, and the general shape of the housing is not lim-
iting. For example, the housing can be one of a rectan-
gular prism, a triangular prism, a cylinder, a cone, etc.
The housing can be formed from one or more housing
components. In certain examples, the housing can define
an outer surface of the acoustic playback system. The
housing can include one or more apertures for allowing
audio to be expressed from the acoustic playback sys-
tem.

[0007] Inoneormoreexamples,the housing canretain
one or more of the at least one amplifier, the primary
driver, the filler driver, and the filter. Further, the housing
can retain at least one processor and at least one micro-
phone. The housing can further retain further compo-
nents, such as electrical components.

[0008] The housing has a first side. The housing has
a second side opposite the first side. The housing can
have a plurality of walls connecting the first side with the
second side. The housing can have at least one wall con-
necting the first side with the second side. The first side
may be generally opposite the second side, such as if
the housing is not symmetric. The second side may be
a continuation of the first side. For example, the housing
may be spherical. The first side, the second side, and
the plurality of walls may define the outer surface of the
housing.

[0009] The first side may be considered a front side.
For example, the first side may be configured to be lo-
cated away from a wall (e.g., a standing wall, a rear wall,
a structural wall), such as a wall of a location (e.g., room)
that the acoustic playback system s in. The first side may
be configured to be located towards a user of the acoustic
playback system.

[0010] The second side may be considered a back
side. For example, the second side may be configured
to be located towards a wall (e.g., a standing wall, a rear
wall, a structural wall), such as a wall of a location (e.g.,
room) thatthe acoustic playback systemisin. The second
side may be configured to be located away from a user
of the acoustic playback system.

[0011] The acoustic playback system can include at
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leastone amplifier. For example, the atleast one amplifier
is located in the housing. The at least one amplifier can
be configured to receive an electrical signal representa-
tive of an audio (e.g., audio signal, audio stream). The
at least one amplifier can be configured to output an am-
plified audio signal. The at least one amplifier can be
configured to output an amplified audio signal based on
the audio. The at least one amplifier can be configured
to output an amplified audio signal based on the electrical
signal. For example, the at least one amplifier can apply
an amplification to the electrical signal. The at least one
amplifier can apply gain to the electrical signal. The at
least one amplifier can be configured to output the am-
plified audio signal to the primary driver and/or the filler
driver.

[0012] The acoustic playback system can include a
plurality of amplifiers. For example, a first amplifier can
provide a first amplified audio signal to the primary driver
and a second amplifier can provide a second amplified
audio signal to the filler driver.

[0013] The acoustic playback system can include a pri-
mary driver. As used herein, adriver can be, for example,
a transducer and/or an audio source. For example, the
primary driver can be a speaker. The primary driver can
be at least partially located within the housing. The pri-
mary driver can be configured to receive the amplified
audio signal. The primary driver can be configured to
output a primary audio signal. The primary driver can be
configured to output a primary audio signal, based on the
amplified audio signal from the first side. The primary
audio signal may be an audio signal configured for lis-
tening by a user of the acoustic playback system.
[0014] For example, the primary driver can have its
output (e.g., the location where the primary audio is leav-
ing the primary driver) directed towards the first side of
the housing. In other words, the primary driver can output
the primary audio from the first side of the housing.
[0015] Inone or more example acoustic playback sys-
tems, the primary driver is an omnidirectional audio
source. In other words, the primary driver is an audio
source with significant forwards and rearward radiation.
In one or more example acoustic playback systems, the
primary driver is a directional primary driver. The primary
driver can have an audio outlet directed towards the first
side.

[0016] The acoustic playback system can include a fill-
er driver. As used herein, a driver can be, for example,
a transducer and/or an audio source. For example, the
filler driver can be a speaker. The filler driver can be at
least partially located within the housing. The filler driver
can be configured to receive the amplified audio signal.
The filler driver can be configured to output a secondary
audio signal. The filler driver can be configured to output
a secondary audio signal, based on the amplified audio
signal from the second side.

[0017] In other words, the acoustic playback system
caninclude atleasttwo drivers (e.g., a plurality of drivers).
[0018] Forexample, the filler driver can have its output
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(e.g., the location where the secondary audio is leaving
the filler driver) directed towards the second side of the
housing. In other words, the filler driver can output the
secondary audio from the second side of the housing.
For example, the output of the filler driver can be directed
generally opposite that of the primary driver. The filler
driver may have an audio outlet directed towards the sec-
ond side.

[0019] In one or more example acoustic playback sys-
tems, the filler driver is an omnidirectional filler driver. In
one or more example acoustic playback systems, the
filler driver is a directional filler driver.

[0020] The acoustic playback system can include a fil-
ter (such as a filter bank). The filter can be in communi-
cation with the filler driver. The filter can be in communi-
cation with the primary driver. The filter can be configured
to apply a filter (e.g., attenuate, boost, pass, apply an
equalization, configured to filter) to the electrical signal
and/or the amplified audio signal. The filter can be, for
example, a high-pass filter, a low-pass filter, band-pass
filter, etc.

[0021] The acoustic playback system can include at
least onefilter. The acoustic playback system caninclude
a plurality of filters.

[0022] The filter can be located in different signal path-
ways of the acoustic playback system. For example, the
filter can be located before the at least one amplifier. In
such embodiments, the filter is applied to the electrical
signal.

[0023] Incertain examples, the filter is located after the
at least one amplifier. In such embodiments, the filter is
applied to the amplified audio signal.

[0024] The primary driver output is spaced away from
the filter driver output. In other words, an output location
of the primary driver is spaced away from an output lo-
cation of the filter driver. For example, the primary audio
leaves the primary driver at a location spaced away from
where the secondary audio leaves the secondary driver.
[0025] In one or more example acoustic playback sys-
tems, the primary driver and the filler driver are spaced
away from one another.

[0026] For example, the filler driver output is spaced
away from the first side from the primary driver output.
In other words, the filler driver and the primary driver are
not located on the same side of the housing. This can
prevent further destructive interference between the pri-
mary driver and the filler driver.

[0027] In one or more examples, the filler driver and
the primary driver are not aligned. For example, the filler
driver and the primary driver are not aligned in a line
between the first side and the second side. For example,
the filler driver and the primary driver are not aligned in
a line between the plurality of walls.

[0028] The filler driver and the primary driver can be
facing away from one another. For example, the output
location of the filler driver and the primary driver can be
facing away from one another.

[0029] The primary driver output can be spaced away
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from the filter driver output between the first side and the
second side.

[0030] Inone or more examples, the primary driver can
be located closer to the first side than the filler driver. In
one or more examples, the filler driver can be located
closer to the second side than the primary driver.
[0031] The filler driver can be configured to add an
acoustic signal (e.g., the secondary audio) in the frequen-
cy range where the cancellation occurs. To do this the
filler driver can be placed in a - in terms of acoustic wave-
length - significantly different distance from the wall than
the primary driver.

[0032] In one or more example acoustic playback sys-
tems, the primary audio and the secondary audio are the
same audio. In other words, the primary driver and the
filler driver are both outputting the same audio. For ex-
ample, primary audio and the secondary audio are at the
same volume and/or the same gain and/or the same fre-
quency. For example, the primary driver and the filler
driver receive the same amplified audio signal.

[0033] Inone or more example acoustic playback sys-
tems, the primary audio and the secondary audio are
different audio. For example, the filter can modify the
electrical signal and/or the amplified audio signal so that
the amplified audio signal received by the primary driver
and the filler driver are different. In other words, a low-
pass filter can be applied for the primary driver and a
high-pass filter can be applied for the filler driver. Further,
at least one processor can be configured to process the
electrical signal and/or the amplified audio signal for mod-
ifying between the primary driver and filler driver.
[0034] Inone or more example acoustic playback sys-
tems, the secondary audio has a lower gain than the pri-
mary audio. In other words, the primary audio may have
a higher gain than the secondary audio. In other words,
the primary audio may be louder than the secondary au-
dio.

[0035] For example, the secondary audio may have a
lower volume than the primary audio. As potentially any
audio which enters the cancellation zone of the primary
audio can be reduce and/or eliminate any cancellation,
the secondary audio may not need to be as loud as the
primary audio for its effects to be felt by a user of the
acoustic playback system. Cancellation zone can include
cancellation band and/or cancellation range. The cancel-
lation zone can be a band in audio frequency.

[0036] In one or more example acoustic playback sys-
tems, the filler driver is configured to add an acoustic
signal for the secondary audio into a frequency range
where a cancellation in the primary audio occurs. For
example, the reflective cancellation may occur with the
primary audio at a certain frequency while other frequen-
cies are not cancelled. The secondary audio may be out-
put in the frequency that is cancelled.

[0037] The acoustic signal can be within the frequency
band of the cancellation. For example, the acoustic signal
can be identical to the primary signal. However it can
have another amplitude or phase as a function of the
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filters that is applied prior to the amplifier, after the am-
plifier or the transfer function of the driver itself which
may not be identical to the primary driver. The signal is
no different from the primary signal in terms of linearity
except that it in practice might be closer to the noise floor,
e.g., the signal information - again in the relevant fre-
quency range - is preserved.

[0038] The acoustic play back system can be config-
ured to be mounted to a wall. For example, the acoustic
playback system can include a mounting frame. The
acoustic playback system can include one or more
mounting components configured to be affixed to a wall.
The housing can include one or more mounting compo-
nents configured to be affixed to a wall.

[0039] In one or more example acoustic playback sys-
tems, upon mounting of the acoustical playback system,
thefiller driver is configured to face a wall. In other words,
upon mounting, the second side may face the wall.
[0040] In one or more example acoustic playback sys-
tems, the filler driver is configured to reduce a comb-filter
effect of the primary driver. In one or more example
acoustic playback systems, the filler driver is configured
to eliminate a comb-filter effect of the primary driver. The
comb-filter effect occurs due to destructive interference
of the primary audio of the primary driver caused by re-
flection of the primary audio. Through the use of the filler
driver, by adding the secondary audio, the cancellation
of the primary audio may be overcome.

[0041] In one or more example acoustic playback sys-
tems, the filler driver is configured to produce the sec-
ondary audio at a same signal as the primary audio in
low frequencies and a different signal as the primary au-
dio in high frequencies. In other words, one method to
increase output in a loudspeaker is to use two drivers
(e.g., primary driver and filler driver) at low frequencies.
This increases their dynamic capabilities. The outputs of
the two drivers will sum and, since the frequencies are
low, the wavelength is long, and summing will be close
to ideal (adding 6dB).

[0042] In one or more example acoustic playback sys-
tems, the at least one amplifier comprises a primary am-
plifierin communication with the primary driver and afiller
amplifier in communication with the filler driver. For ex-
ample, the acoustic playback system can include a plu-
rality of amplifiers. In certain examples, the primary am-
plifier and the filler amplifier receive the same electrical
signal.

[0043] The primary amplifier may output a primary am-
plified audio signal. The primary driver can be configured
to receive the primary amplified audio signal and output
a primary audio, based on the primary amplified audio
signal, from the first side.

[0044] The filler amplifier may output a secondary am-
plified audio signal. The filler driver can be configured to
receive the secondary amplified audio signal and output
a secondary audio, based on the secondary amplified
audio signal, from the second side.

[0045] The primary amplifier and the filler amplifier may
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be the same type of amplifier. The primary amplifier and
the filler amplifier may be different types of amplifiers.
[0046] The primary amplifier may provide a first ampli-
fication to the electric signal. The filler amplifier may pro-
vide a second amplification to the electric signal. The first
amplification may be the same as the second amplifica-
tion. The first amplification may be different than the sec-
ond amplification. The first application may be greater
than the second amplification.

[0047] Inone or more example acoustic playback sys-
tems, the filter can be located (e.g., positioned) between
the at least one amplifier and the primary driver and/or
the filler driver. For example, the filter can be used on
the amplified audio signal.

[0048] In one or more example acoustic playback sys-
tems, the filter is a conditioning filter, and wherein the
filler amplifier is positioned between the conditioning filter
and the filler driver.

[0049] A conditioning filter can be a filter which condi-
tions a signal. As discussed herein, the filter can condition
the signal to be as good as possible at adding signal to
the cancellation frequency range. In certain examples,
the conditioning filter can be any type of filter.

[0050] In one or more example acoustic playback sys-
tems, the conditioning filter is an adaptive conditioning
filter. An adaptive filter can be a filter that adapts auto-
matically to achieve an optimized state. For example, the
wall can have different properties (e.g., absorption coef-
ficients) or the acoustic playback system can be placed
close to a TV-screen affecting the reflection, orthe acous-
tic playback system is place on some kind of stand away
from a wall, and thus adaptiveness can be an advantage.
[0051] In one or more acoustic playback systems, the
acoustic playback system is configured to determine the
state of the location of the acoustic playback system. For
example, the acoustic playback system can be config-
ured to receive user input indicative of the state of the
location. In some examples, the acoustic playback sys-
tem can include one or more microphones, and the state
of the location can be determined by the acoustic feed-
back playback through feedback received by the one or
more microphones.

[0052] In one or more example acoustic playback sys-
tems, the filter is a low-pass filter positioned between the
at least one amplifier and the filler driver. In other words,
the filter only applies the low-pass filtration to the filler
driver.

[0053] A different filler can be in communication with
the primary driver. In some instances, no filter is in com-
munication with the primary driver.

[0054] In certain example acoustic playback system,
the filter is a high-pass filter positioned between the at
least one amplifier and the primary driver. In other words,
the filter only applies the high-pass filtration to the filler
driver.

[0055] In certain example acoustic playback system,
the filter includes a primary filter and a filler filter. The
primary filter can be a high pass filter in communication
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with the primary driver. The filler filter can be a low pass
filter in communication with the filler driver.

[0056] In one or more example acoustic playback sys-
tems, the filler driver has a higher impedance than the
primary driver. For example, the primary driver may have
an impedance between 4-8ohms. Advantageously, the
filler driver may have an impedance of at least 4-8 times
higher than the primary driver in order to not influence
the primary audio (e.g., the output) of the primary drier.
For example, the filler driver can have an impedance of
16-32 ohms. The filler driver may have an impedance of
32-64 ohms. The filler driver can have an impedance of
16-64 ohms.

[0057] In one or more example acoustic playback sys-
tems, wherein the primary audio and the secondary audio
are in non-overlapping frequency ranges. For example,
a high pass filter can be applied to the primary audio and
a low pass filter can be applied to the secondary audio.
Alternatively, a high pass filter can be applied to the sec-
ondary audio and a low pass filter can be applied to the
primary audio.

[0058] For example, a high pass filter can be applied
to the amplified audio signal directed to the primary driver
and a low pass filter can be applied to the amplified audio
signal directed to the filler driver. Alternatively, a high
pass filter can be applied to the amplified audio signal
directed to the filler driver and a low pass filter can be
applied to the amplified audio signal directed to the pri-
mary driver.

[0059] In one or more example acoustic playback sys-
tems, the acoustic playback system further comprises at
least one microphone. In one or more example acoustic
playback systems, the acoustic playback system further
comprises at least one processor. In one or more exam-
ple acoustic playback systems, the atleast one processor
is configured to determine, based on input received from
the at least one microphone, a position of the acoustical
playback system with respect to a wall. In one or more
example acoustic playback systems, the at least one
processor is configured to operate the acoustic playback
system, depending on the position, in an on-wall setting
or an away-from-wall setting. In other words, the at least
one processor can be used to determine whether the
acoustic playback system is located near a wall.

[0060] The atleast one microphone can be configured
to receive an input including the primary audio and/or the
second audio. The processor can be configured to de-
termine the position of the acoustic playback system with
respect for a wall. For example, in accordance that the
input has a reverberation effect of greater than a rever-
beration threshold, the at least one processor can deter-
mine the position of the acoustic playback system as near
a wall. For example, in accordance that the input has a
reverberation effect of equal to or less than a reverber-
ation threshold, the atleast one processor can determine
the position of the acoustic playback system as not near
a wall.

[0061] For example, the acoustic playback system



9 EP 4 456 560 A1 10

could have a calibration mode. Through the user of a
speaker-to-mic response, the acoustic playback system
can have a characteristic clearly indicating nearby
boundaries. In certain examples, a high-resolution esti-
mation of the primary driver impedance would indicate
the reflection. In certain examples, the acoustic playback
system can include an echo cancelling filter, which can
indicate a significant reflection - or a lack of it.

[0062] When the system is not close to the wall, the
notch from the main driver disappears (or is pushed very
low in frequency) and the summed response can poten-
tially end up having a peak instead of being flat.

[0063] In this case filtering out the filler drivers output
around the notch could correct the response to being flat.
In other words, the rear wall reflection should be visible.
The main state of the acoustic playback device would be
to have an equalizer applied to the filler driver that com-
pensates for the dip. So the secondary use case is when
actuation will be needed, and the microphone response
would be indicative of a difference when the device is
away from the wall.

[0064] For example, the away-from-wall setting may
deactivate the filler driver. As the acoustic playback sys-
tem is not affected by the reflected audio from a wall, it
may be advantageous for power savings to not use the
filler driver. The on-wall setting may activate the filler driv-
er.

[0065] In some examples, the processor can be con-
figured to tune the filler driver between the away-from-
wall setting and on-wall setting. For example, the proc-
essor could tune the filler driver to complement the pri-
mary driver to enable louder playback and/or less distor-
tion. At low frequencies, tuning the primary driver and
the filler driver can be performed to reproduce the signal
in phase will simply result in constructive summing. On
the wall, generally, some shaping of the phase and am-
plitude might be used to ensure not only sound pressure
right at the notch but also a favorable summed response
around the notch.

[0066] The invention is set out in the appended set of
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0067] The aspects of the disclosure may be best un-
derstood from the following detailed description taken in
conjunction with the accompanying figures. The figures
are schematic and simplified for clarity, and they just
show details to improve the understanding of the claims,
while other details are left out. Throughout, the same
reference numerals are used for identical or correspond-
ing parts. The individual features of each aspect may
each be combined with any or all features of the other
aspects. These and other aspects, features and/or tech-
nical effect will be apparent from and elucidated with ref-
erence to the illustrations described hereinafter in which:

FIG. 1 shows a typical acoustic playback system,
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FIG. 2 shows an amplitude graph of the acoustic
playback system of FIG. 1,

FIG. 3 illustrates an example embodiment of an
acoustic playback system according to the disclo-
sure,

FIG. 4 shows an amplitude graph of the acoustic
playback system of FIG. 3,

FIG. 5 illustrates an example embodiment of an
acoustic playback system according to the disclo-
sure,

FIG. 6 illustrates an example embodiment of an
acoustic playback system according to the disclo-
sure,

FIG. 7 illustrates an example embodiment of an
acoustic playback system according to the disclo-
sure,

FIG. 8 illustrates an example embodiment of an
acoustic playback system according to the disclo-
sure, and

FIG. 9 shows cancellation effects of an example em-
bodiment of an acoustic playback system of FIG. 8
according to the disclosure.

[0068] The figures are schematic and simplified for
clarity, and they just show details which are essential to
the understanding of the disclosure, while other details
are left out. Throughout, the same reference signs are
used for identical or corresponding parts.

[0069] Further scope of applicability of the present dis-
closure will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
thatthe detailed description and specific examples, while
indicating preferred embodiments of the disclosure, are
given by way of illustration only. Other embodiments may
become apparent to those skilled in the art from the fol-
lowing detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0070] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations. The detailed descrip-
tion includes specific details for the purpose of providing
athorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
Several aspects of the apparatus and methods are de-
scribed by various blocks, functional units, modules,
components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
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sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.

[0071] The electronic hardware may include micro-
electronic-mechanical systems (MEMS), integrated cir-
cuits (e.g. application specific), microprocessors, micro-
controllers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), gated logic, discrete hardware circuits,
printed circuit boards (PCB) (e.g. flexible PCBs), and oth-
er suitable hardware configured to perform the various
functionality described throughout this disclosure, e.g.
sensors, e.g. for sensing and/or registering physical
properties of the environment, the device, the user, etc.
Computer program shall be construed broadly to mean
instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules,
applications, software applications, software packages,
routines, subroutines, objects, executables, threads of
execution, procedures, functions, etc., whether referred
to as software, firmware, middleware, microcode, hard-
ware description language, or otherwise.

[0072] The present application relates to the field of
acoustic playback systems.

[0073] FIG. 1 shows a typical acoustic playback sys-
tem 100 located near a wall 10 (or any other audio re-
flective surface). As shown, the acoustic playback sys-
tem 100 includes an audio driver 102. The audio driver
102 outputs an audio generally in a first direction 104
towards where the audio driver 102 is facing. However,
the audio driver 102 also outputs the audio in a second
direction 106 as well (and in fact, many other directions).
The audio in the second direction 106 can reflect off the
wall 10 thus creating a reflected audio 108. This reflected
audio 108 may be phase shifted due to the delay in time
caused by the reflection off the wall 10, which can lead
to destructive interference 100 between the audio in the
first direction 104 and the reflected audio 108.

[0074] In other words, when acoustic playback system
100 is placed close to a wall 10 of significant proportions
this wall 10 will reflect sound (e.g., as reflected audio
108) radiated from the rear of the playback system 100.
As most playback systems are approaching omnidirec-
tionality atlow frequencies, this radiation towards the wall
10 can be significant. This results in a reflection from the
wall 10 that is close to the amplitude of the acoustical
signal radiated forward 104 away from the wall 10. These
two wavefronts meet 110 and interact with both construc-
tive and destructive interference due to and determined
by the delay of the reflected signal 108. This interference
causes a so-called comb filtering effect in the entire fre-
quency band where there is significant rearward radiation
from the playback system 100.

[0075] The cancellation due to the comb filtering effect
can affect some or all of the frequency of the audio in the
firstdirection 104. This can lead to dead spots orincorrect
sounding audio to a user at the location where the two
wavefronts meet 110. As this is typically in front of the
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acoustic playback system 100, the effect of the reflected
audio can significantly affect the audio quality for a user
of the acoustic playback system 100.

[0076] FIG.2showsanamplitude graph ofthe acoustic
playback system of FIG. 1. As shown, cancellation (or
notch) 202 can occur, for example at the lowest in fre-
quency. For a typical collaboration bar this can be in the
range from 400-1000Hz depending on the distance from
the wall. The subsequent higher order reflections are typ-
ically much less significant due to the increasing direc-
tionality of the acoustic playback system.

[0077] FIG. 2 is a based on white noise which is
summed with a delayed and low passed filtered version
of itself. The low pass element is meant to emulate the
directionality of the driver while the delay corresponds to
the distance to the rear wall times two.

[0078] For a user, the downside of known acoustic
playback devices is a reduction in general perceived
sound quality, speech intelligibility, and even localization.
In certification context the product might not pass fre-
quency response limits.

[0079] FIG. 3illustrates an example embodiment of an
acoustic playback system according to the disclosure.
Advantageously, the disclosed acoustic playback system
300 can reduce and/or eliminate the cancellation that oc-
curs with the system 100 shown in FIG. 1. Furtherinternal
processing can be shown in the embodiments of FIGS.
5-8.

[0080] As shown, the acoustic playback system 300
can include a housing 302. The housing has a first side
304 and a second side 306 opposite the first side 304.
The housing 302 can further include a plurality of walls
306 connecting the first side 304 with the second side
306. The acoustic playback system 300 includes at least
one amplifier (Shown in FIGS. 5, 6, and 8) configured to
receive an electrical signal representative of an audio
and output an amplified audio signal.

[0081] The acoustic playback system 300 can include
aprimary driver 310. The primary driver 310 is configured
to receive the amplified audio signal and output a primary
audio 312A, 312B, based on the amplified audio signal,
form the first side 304.

[0082] The acoustic playback system 300 can include
a filler driver 314. The filler driver 314 can be configured
to receive the amplified audio signal and output a sec-
ondary audio 316, based on the amplified audio signal,
from the second side 306. The filler driver 314 can be an
omnidirectional audio source.

[0083] The acoustic playback system 300 can further
include a filter (shown in FIGS. 5, 6, and 9) in communi-
cation with the filler driver 316 and configured to apply a
filter to the electrical signal and/or the amplified audio
signal.

[0084] As shown, the primary driver 310 output is
spaced away from the filler driver 316 output.

[0085] In particular, the primary driver 310 can output
the primary audio 312A, 312B towards a user (e.g.,
shown by primary audio 312A), though certain primary
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audio 312 is directed towards the wall 10. This leads,
similar to what is shown in FIG. 1, to primary reflected
audio 320. The primary reflected audio 320 may interfere,
such as through destructive interference, with the primary
audio 312A leading to a cancellation zone 322.

[0086] The acoustic playback system 300 further in-
cludes the filler driver 314. The filler driver 314 is config-
ured to output secondary audio 316 form the second side
306 of the housing 302. As shown, upon mounting of the
acoustic playback system 300, the filler driver 314 is con-
figured to face the wall 10. The secondary audio 316 also
reflects off of wall 10, which leads to secondary reflected
audio 318. However, due to the placement and/or the
direction of the filler driver 314, the secondary reflected
audio 318 would overcome the cancellation zone 322,
and thus a user would properly hear the audio from the
acoustic playback system 300. Specifically, the filler driv-
er 314 is configured to reduce a comb-filter effect of the
primary driver 310.

[0087] The primary audio 312A, 312B and the second-
ary audio 316 can be the same audio. In other words,
the filler driver 314 and the primary driver 310 can output
the same audio. However, it can be advantageous for
the primary audio 312A, 312B and the secondary audio
316 to be different. For example, the secondary audio
316 can have a lower gain than the primary audio 312A,
312B. The filler driver 314 can be configured to add an
acoustic signal for the secondary audio 316 into a fre-
quency range where a cancellation of the primary audio
312A, 312B occurs, such as cancellation zone 322. The
filler driver 314 can also be configured to produce the
secondary audio 316 at a same signal as the primary
audio 312A, 312B in low frequencies and a different sig-
nal as the primary audio 312A, 312B in high frequencies.
The primary audio 312A, 312B and the secondary audio
316 can be in non-overlapping frequency ranges.
[0088] Further, the acoustic playback system 100 can
optionally include at least one microphone 330. The at
least one microphone 330 can be configured to obtain
audio input from the environment. For example, the at
least one microphone 330 can obtain the primary audio
312A and the secondary audio 316.

[0089] Further, the acoustic playback system 100 can
optionally include atleastone processor 332. The atleast
one processor 332 can be configured to adjust and/or
modify one or more of the components of the acoustic
playback system 100.

[0090] The at least one processor 332 can be config-
ured to determine, based on input received from the at
least one microphone 330, a position of the acoustical
playback system 300 with respect to a wall 10, and
wherein the at least one processor 332 is configured to
operate the acoustical playback system 300, depending
on the position, in an on-wall setting or an away-from-
wall setting.

[0091] FIG. 4 shows anamplitude graph of the acoustic
playback system of FIG. 3.

[0092] The solid-line curve simulates the frequency re-

10

15

20

25

30

35

40

45

50

55

sponse of an acoustic playback system 300 with the pri-
mary driver 310 approximately 130mm from the rear wall
10. In this case it results in a severe cancellation at
700Hz, such as shown in FIG. 2. The dashed-line curve
simulates the summed response when the filler driver
314 is placed closerto the wall 10 playing the same signal
but low passed. At low frequencies the signals are added
in phase resulting in a 6dB higher amplitude while at
700Hz the amplitude is increased more than 20dB. With
the added filler driver 314, the acoustic playback system
300 can eliminate the cancellation that occurs by any
reflected audio by the wall 10.

[0093] FIG. 5illustrates an example embodiment of an
acoustic playback system according to the disclosure.
The acoustic playback system 500 of FIG. 5 can include
any and/or all of the components of the acoustic playback
system 300 of FIG. 3. FIG. 5 illustrates a simplified set
of components for convenience.

[0094] As shown, the acoustic playback system 500
can include a housing 502. The housing can retain at
least one amplifier 504 and a filter 506. Further, the
acoustic playback system 500 can include a primary driv-
er 508 and a filler driver 510.

[0095] The at least one amplifier 504 can receive an
electrical signal 520 representative of an audio and can
output an amplified audio signal 522. The filter 506 re-
ceives the amplified audio signal 522 and apply a filter.
As shown in FIG. 5, the filter 506 is associated with the
filler driver 510.

[0096] The filter 506 shownin FIG. 5 can be alow-pass
filter. Thus, the filter 506 is a low-pass filter positioned
between the atleast one amplifier 504 and the filler driver
510. For example, a 6dB gain can be achieved at low
frequencies if the at least one amplifier 504 can drive it
at the same voltage as the primary driver 508. The low
pass filter 506 can be designed to achieve a minimum of
cancellation around the main dip due to potential phase
mismatch. The filler driver 510 can be identical to the
primary driver 508, but this is not necessarily critical as
it can be advantageous to provide signal at low frequen-
cies but not necessarily match the primary driver 508.
[0097] Alternatively, the filter 506 of FIG. 5 can be a
conditioning filter. The filler driver 510 can be a high im-
pedance driver as compared to the primary driver 508.
The filler driver 510 can have a high Q factor and reso-
nance frequency at the location of any cancellation effect
(e.g., dip).

[0098] The filler driver 510 can be placed in parallel
with the primary driver 508 without affecting its output
significantly. The very low damping at the resonance
(tuned to the dip-position) will enable it to deliver sub-
stantial output at this frequency causing the requested
increase in summed amplitude. A relatively high imped-
ance driver (filter driver 510) could also be bandpass fil-
tered via filter 510 without needing excessively large filter
components, making it feasible to further limit its operat-
ing area in frequency towhere itis needed. The relatively
high resonance frequency could be achieved both
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through driver design and/or by placing it in a relatively
small volume.

[0099] FIG. 6 illustrates an example embodiment of an
acoustic playback system according to the disclosure.
The acoustic playback system 600 of FIG. 6 can include
any and/or all of the components discussed with respect
to acoustic playback system 300 of FIG. 3. The housing
602 can contain the components of the acoustic playback
system.

[0100] As shown, the acoustic playback system 600
can include a primary amplifier 604 in communication
with the primary driver 608 and a filler amplifier 606 in
communication with the filler driver 610.

[0101] Advantageously, using an extra amplifier chan-
nel can achieve more flexibility in filtering and amplitude
matching.

[0102] The filter 603 can be a conditioning filter. The
filler amplifier 606 is positioning between the filter 603
and the filler driver 610. The filter 603 can be an adaptive
conditioning filter. As shown, the filter 603 is configured
to apply a filter to the electrical signal 620. The at least
one amplifier 606, 604 is configured to receive the elec-
trical signal (either filtered for filler amplifier 606 or unfil-
tered for primary amplifier 604 ) for outputting an amplified
audio signal 607A, 607B.

[0103] FIG. 7 illustrates an example embodiment of an
acoustic playback system according to the disclosure.
The acoustic playback system 700 of FIG. 7 can include
any and/or all of the components discussed with respect
to acoustic playback system 300 of FIG. 3. The housing
702 can contain the components of the acoustic playback
system.

[0104] As shown, the primary driver 704 can be placed
perpendicular to a wall 10. It can be preferably if the pri-
mary driver 704 has a substantial size compared to the
relevant wavelength. The primary driver 704 can be lo-
cated on the top, bottom or in the side of the acoustic
playback system 700. Then the cancellation will occur at
a wider frequency band as the speaker diaphragm has
varying distance to the rear wall.

[0105] Only thedirect sound ofthe primary audio 710A,
710B is illustrated but the reflections will also have dif-
ferent times of arrival all contributing to the smoothing of
the amplitude response and diminishment of any cancel-
lation area 712.

[0106] FIG. 8illustrates an example embodiment of an
acoustic playback system according to the disclosure.
The acoustic playback system 800 of FIG. 8 can include
any and/or all of the components discussed with respect
to acoustic playback system 300 of FIG. 3. The housing
802 can contain the components of the acoustic playback
system 800.

[0107] As shown, the at least one amplifier 804 is con-
figured to receive the electrical signal 820 for provision
of an amplified audio signal 822. Further, the filter can
be a primary filter 806 and a filler filter 808, each which
receive the amplified audio signal 822. The primary filter
806 can be a high pass filter in communication with the
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primary driver 810. The filler filter 808 can be a low pass
filter in communication with the filler driver 812.

[0108] The filters 806, 808 could just as well be imple-
mented on line-level signals prior to two separate ampli-
fier channels or in a digital signal processor.

[0109] FIG.9shows cancellation effects of an example
embodiment of an acoustic playback system shown in
FIG. 8.

[0110] AsshowninFIG.9, eachofthe drivers can have
their own frequency range, such as through the use of a
filter 806, 808 for each of the primary driver 810 and the
filler driver 812. Line 902 illustrates the low-passed filler
driver 812 and line 904 illustrates the high-passed pri-
mary driver 810.

[0111] By high pass filtering the primary driver 810 at
a higher frequency than where the cancellation would
appear, the dip can be completely avoided. When it
comes to the filler driver 812, which is closer to the wall,
the lowest frequency cancellation frequency would ap-
pear much higher.

[0112] Until now the problem and solutions has been
presented for a 90-degree angle, e.g., perpendicular to
the wall on which the sound reproduction device is mount-
ed. However, when the listener is positioned at non-90
degree angles the above problem and the solutions are
still valid. The only change in this scenario is that the
distance the reflection must travel is increased resulting
in lower cancellation frequencies.

[0113] Asdiscussed herein, the acoustic playback sys-
tem 300, 500, 600, 700, 800 can be sound bar, a speaker,
a video bar, a loudspeaker, and a subwoofer.

[0114] Itis intended that the structural features of the
devices described above, either in the detailed descrip-
tion and/or in the claims, may be combined with steps of
the method, when appropriately substituted by a corre-
sponding process.

[0115] As used, the singular forms "a," "an," and "the"
are intended to include the plural forms as well (i.e. to
have the meaning "atleastone"), unless expressly stated
otherwise. It will be further understood that the terms "in-
cludes," "comprises," "including," and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of. It will also be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, but an intervening element may also be
present, unless expressly stated otherwise. Further-
more, "connected" or "coupled" as used herein may in-
clude wirelessly connected or coupled. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. The steps of
any disclosed method are not limited to the exact order
stated herein, unless expressly stated otherwise.
[0116] Itshould be appreciated thatreference through-
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out this specification to "one embodiment" or "an embod-
iment" or "an aspect" or features included as "may"
means that a particular feature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embod-
iments of the disclosure. The previous description is pro-
vided to enable any person skilled in the art to practice
the various aspects described herein. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art.

[0117] The claims are not intended to be limited to the
aspects shown herein but are to be accorded the full
scope consistentwith the language of the claims, wherein
reference to an element in the singular is not intended to
mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more.

Claims
1. An acoustic playback system comprising:

a housing having a first side, a second side op-
posite the first side, and a plurality of walls con-
necting the first side with the second side;

at least one amplifier configured to receive an
electrical signal representative of an audio and
output an amplified audio signal;

a primary driver configured to receive the am-
plified audio signal and output a primary audio,
based on the amplified audio signal, from the
first side;

afiller driver configured to receive the amplified
audio signal and output a secondary audio,
based on the amplified audio signal, from the
second side; and

afilter in communication with the filler driver and
configured to apply afilter to the electrical signal
and/or the amplified audio signal;

wherein the primary driver output is spaced
away from the filler driver output.

2. Acoustic playback system of claim 1, wherein the
filler driver is an omnidirectional audio source.

3. Acoustic playback system of any one of claims 1-2,
wherein the primary audio and the secondary audio
are the same audio.

4. Acoustic playback system of any one of claims 1-2,
wherein the secondary audio has a lower gain than
the primary audio.

5. Acoustic playback system of any one of the previous
claims, wherein the filler driver is configured to add
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10

10.

1.

12.

13.

14.

15.

an acoustic signal for the secondary audio into a fre-
quency range where a cancellation in the primary
audio occurs.

Acoustic playback system of any one of the previous
claims, wherein, upon mounting of the acoustic play-
back system, the filler driver is configured to face a
wall.

Acoustic playback system of any one of the previous
claims, wherein the filler driver is configured to pro-
duce the secondary audio at a same signal as the
primary audio in low frequencies and a different sig-
nal as the primary audio in high frequencies.

Acoustic playback system of any one of the previous
claims, wherein the at least one amplifier comprises
a primary amplifier in communication with the prima-
ry driver and a filler amplifier in communication with
the filler driver.

Acoustic playback system of claim 8, wherein the
filter is a conditioning filter, and wherein the filler am-
plifier is positioned between the conditioning filter
and the filler driver.

Acoustic playback system of claim 9, wherein the
conditioning filter is an adaptive conditioning filter.

Acoustic playback system of any one of the previous
claims, wherein the filter is a low-pass filter posi-
tioned between the at least one amplifier and the
filler driver.

Acoustic playback system of any one of the previous
claims, wherein the filler driver has a higher imped-
ance than the primary driver.

Acoustic playback system of any one of the previous
claims, wherein the primary audio and the secondary
audio are in non-overlapping frequency ranges.

Acoustic playback system of any one of the previous
claims, wherein the acoustic playback system further
comprises at least one microphone and at least one
processor, wherein the atleast one processor is con-
figured to determine, based on input received from
the at least one microphone, a position of the acous-
tic playback system with respect to a wall, and where-
in the at least one processor is configured to operate
the acoustic playback system, depending on the po-
sition, in an on-wall setting or an away-from-wall set-
ting.

Acoustic playback system of any one of the previous
claims, wherein the acoustic playback system is one
of a sound bar, a speaker, a video bar, a loudspeak-
er, and a subwoofer.
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