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(54) AUDIO PROCESSOR AND METHOD OF PROCESSING AN AUDIO SIGNAL

(57)  An audio signal (14) is received as an input at
an audio processor (12). The audio processor (12) proc-
esses the input audio signal (12) to provide an audio sig-
nal to be output (16) to a loudspeaker. The processing
of the input audio signal (12) reduces the power of the
input audio signal (12) at a resonant audio frequency and
increases the power of the input audio signal (12) at at
least some other audio frequencies other than the reso-
nant audio frequency.
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Description
Technical Field

[0001] The presentdisclosure relates to an audio proc-
essor and a method of processing an audio signal.

Background

[0002] A problem that often occurs with sound repro-
duction apparatus is that some part of the apparatus,
such as a cabinet or casing or the like, vibrates during
playback of audio. Common solutions to this include fit-
ting vibration dampeners, such as felt or rubber pads or
the like, tightening screws or the like that hold the cabinet
together, or simply turning down the playback volume.
However, such solutions are often not convenient for the
manufacturer and/or user of the apparatus.

Summary

[0003] According to a first aspect disclosed herein,
there is provided a method of processing an audio signal,
the method comprising:

receiving an audio signal as an input;

processing the input audio signal to provide an audio
signal to be output to a loudspeaker, in which the
processing of the input audio signal reduces the pow-
er of the input audio signal at a resonant audio fre-
quency and increases the power of the input audio
signal at at least some other audio frequencies other
than the resonant audio frequency.

[0004] The reduction of the power, in particular the in-
stantaneous power, of the input audio signal at the res-
onant audio frequency can reduce or even entirely elim-
inate the resonance being caused to some sound repro-
duction apparatus and therefore the vibration or buzzing
that can occur. The increase of the power of the input
audio signal at at least some other audio frequencies can
help to "disguise" the reduction of the power at the res-
onant frequency, which makes the reduction in volume
at the resonant frequency less noticeable for the user.
[0005] Inanexample, the resonant frequency is a res-
onant frequency of a cabinet in which the loudspeaker is
mounted, the resonant frequency being identified using
a vibration sensor which is attached to a cabinet in which
the loudspeaker is mounted.

[0006] Inanexample,the outputofthe vibration sensor
is subject to a Fast Fourier Transform FFT to identify the
resonant frequency.

[0007] Inanexample, the total or average power of the
output audio signal is substantially the same as the total
or average power of the input audio signal. For example,
the total or average power of the output audio signal may
be within around 5% of the total or average power of the
input audio signal.

10

15

20

25

30

35

40

45

50

55

[0008] In an example, the other audio frequencies are
frequencies that are within 5% of the resonant frequency.
In an example, the other audio frequencies are frequen-
cies that are within 2% of the resonant frequency.
[0009] According to a second aspect disclosed herein,
there is provided an audio processor for processing an
input audio signal, the audio processor being arranged to:
process an input audio signal to provide an audio signal
to be output to a loudspeaker, wherein the processor is
configured such that the processing of the input audio
signal reduces the power of the input audio signal at a
resonant audio frequency and increases the power of the
input audio signal at at least some other audio frequen-
cies other than the resonant audio frequency.

[0010] Inanexample, the processor is arranged to ob-
tain the resonant frequency from data storage in which
the resonant frequency is stored.

[0011] Inanexample, the processor is arranged to ob-
tain the resonant frequency using a vibration sensor
which is attached to a cabinet in which said loudspeaker
is mounted.

[0012] Inanexample,the outputofthe vibration sensor
is arranged to be subject to a Fast Fourier Transform
FFT to identify the resonant frequency.

[0013] Inanexample, the processoris configured such
that the total or average power of the output audio signal
is substantially the same as the total or average power
of the input audio signal.

[0014] Inanexample, the processoris configured such
that the other audio frequencies are frequencies that are
within 5% of the resonant frequency.

[0015] There may also be provided a sound reproduc-
tion apparatus, the sound reproduction apparatus com-
prising an audio processor as described above and at
least one loudspeaker which is arranged to receive an
output audio signal which is output by the audio proces-
SOfr.

Brief Description of the Drawings

[0016] To assist understanding of the present disclo-
sure and to show how embodiments may be put into ef-
fect, reference is made by way of example to the accom-
panying drawings in which:

Figure 1 shows a schematic block diagram of an ex-
ample of an audio processing arrangement accord-
ing to the present disclosure;

Figure 2 shows schematically a first example of a
sound reproduction apparatus;

Figure 3 shows schematically a second example of
a sound reproduction apparatus; and

Figure 4 shows schematically examples of wave-
forms for an input audio signal and a corresponding
output audio signal produced by processing the input
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audio signal.

Detailed Description

[0017] Examples of the present disclosure are appli-
cable to audio processors for various types of sound re-
production apparatus as well as being applicable to var-
ious types of sound reproduction apparatus. Such sound
reproduction apparatus typically includes one or more
loudspeakers. Herein, the term "loudspeaker" is in gen-
eral used to describe an electroacoustic transducer
which converts an electrical audio signal into a corre-
sponding sound. The loudspeaker may be of the "dynam-
ic cone speaker" type having a diaphragm or cone which
is driven to move by a voice coil. In other examples, the
loudspeaker may be of another type, including for exam-
ple a magnetostatic speaker, an electrostatic loudspeak-
er, etc. The sound reproduction apparatus may be a stan-
dalone system, such as a combination of one or more
speakers with a separate sound processing unit, or an
integrated system of speakers and sound processing unit
(often called a "sound bar" or the like). In other examples,
the sound reproduction apparatus may be provided as
part of some other equipment, such as a television set,
a computer, especially a laptop or notebook computer or
the like, etc., which has integral and/or separate speak-
ers.

[0018] As mentioned, a problem that often occurs with
sound reproduction apparatus is that some part of the
apparatus, such as a cabinet or casing or the like, vibrates
during playback of audio, often giving rise to an audible
buzzing of the equipment. This is usually because of
some resonance occurring at one or more resonant fre-
quencies during audio playback. This is often some res-
onance occurring in the cabinet or casing in which the
speakers are housed or some adjacent part of the cabinet
or casing owing to the natural frequency of the cabinet
or casing or the like being excited.

[0019] Common solutions to this include fitting vibra-
tion dampeners, such as felt or rubber pads or the like,
or tightening screws or the like that hold the cabinet to-
gether. This may be carried out by the manufacturer of
the sound reproduction apparatus as a final step in the
manufacturing process. However, this is often not con-
venient and is time-consuming, increasing the manufac-
turing cost. Moreover, the resonant frequency may
change over time and/or when the sound reproduction
apparatusis deployed by the end consumer or other user.
End consumers or other users may try to fit vibration
dampeners or tighten up loose parts of the cabinet, etc.,
but this is inconvenient and troublesome for the user.
Another option for the end user is simply to turn down
the playback volume, but inevitably this spoils the enjoy-
ment of the apparatus for the user.

[0020] In examples of the present disclosure, an input
audio signal is processed to provide an audio signal to
be output to a loudspeaker. The processing of the input
audio signal reduces the power of the input audio signal
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at a resonant audio frequency and increases the power
of the input audio signal at at least some other audio
frequencies other than the resonant audio frequency.
The reduction of the power, in particular the instantane-
ous power, of the input audio signal at the resonant audio
frequency can reduce or even entirely eliminate the res-
onance being caused to some sound reproduction ap-
paratus and therefore the vibration or buzzing that can
occur. The increase of the power of the input audio signal
at at least some other audio frequencies can help to "dis-
guise" the reduction of the power at the resonant frequen-
cy, which makes the reduction in volume at the resonant
frequency less noticeable for the user. The other audio
frequencies, for which the power is increased, may be
frequencies close to or adjacent to the resonant frequen-
cy. The total or average power of the output audio signal
is substantially the same as the total or average power
of the input audio signal.

[0021] Referring now to Figure 1, this shows a sche-
matic block diagram of an example of an audio process-
ing arrangement 10 according to the present disclosure.
The audio processing arrangement 10 has an audio proc-
essor 12. The audio processor 12 receives as an input
an input audio signal 14. The audio processor 12 proc-
esses the input audio signal 14 and outputs an output
audio signal 16. The output audio signal 16 may then be
passed to a separate amplifier to be amplified as required
before being passed to one or more speakers for audio
playback. Alternatively, the audio processor 12 may itself
already amplify the output audio signal 16 as necessary.
[0022] The input audio signal 14 may be provided from
one of a number of audio sources, depending on for ex-
ample the equipment in which the audio processor 12 is
used. For example, especially in the case that the audio
processor 12 is part of a sound reproduction apparatus
used in conjunction with or as part of a television set, the
input audio signal 14 may be provided by a television
broadcast signal (whether satellite, cable or terrestrial),
or by a DVD player or Internet source, etc., which is feed-
ing the television set. As other examples, especially in
the case that the audio processor 12 is part of or used in
conjunction with a computer, the input audio signal 14
may be provided from files stored on the computer, such
as video or audio files. As yet other examples, the input
audio signal 14 may be provided by a CD or MP3 or other
audio or media player. Other examples of sources for the
input audio signal 14 are possible.

[0023] Figure 1 also shows the audio processing ar-
rangement 10 having a vibration sensor 18 which pro-
vides an output to a processing block 20 which in turn
processes the output of the vibration sensor 18 to identify
one or more resonant frequencies. In some examples,
the processing block 20 may be provided as part of the
audio processor 12. There may be a single vibration sen-
sor 18 or plural vibration sensors 18, located at different
positions, may be used.

[0024] As will become clear from the following discus-
sion, the sensor 18 and the processing block 20 in some
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examples are only used during a manufacturing stage to
identify one or more resonant frequencies at the time of
manufacture. In such a case, of the components shown
in Figure 1, only the audio processor 12 needs to be
incorporated into a sound reproduction apparatus forend
use by a user.

[0025] In other examples, the sensor 18 and the
processing block 20 are incorporated with the audio proc-
essor 12 into a sound reproduction apparatus for end
use by a user.

[0026] In operation of an example, the vibration sensor
18 is fitted to some part of the sound reproduction appa-
ratus to allow one or more resonant frequencies of the
sound reproduction apparatus to be determined. The vi-
bration sensor 18 outputs an electrical signal that corre-
sponds to vibration of the sound reproduction apparatus
which occurs when sound is being output. A particularly
suitable vibration sensor for this purpose is a piezoelec-
tric transducer, though other vibration sensors, including
other electroacoustic transducers, may be used.

[0027] The processing block 20 receives the output of
the vibration sensor 18 and processes it to identify one
or more resonant frequencies of the sound reproduction
apparatus when sound is being output. A number of tech-
niques for this are possible. A suitable technique is for
the processing block 20 to carry out a Fast Fourier Trans-
form (FFT) to identify the resonant frequency or frequen-
cies. An FFT samples a signal over a period of time and
divides it into its frequency components. These compo-
nents are single sinusoidal oscillations at distinct fre-
quencies each with their own power or amplitude (and
phase). Large powers or amplitudes in any frequency or
frequencies of the output of the FFT processing block 20
indicate that the sound reproduction apparatus, in par-
ticular part of the cabinet or housing or the like, is vibrating
alarge amount, which can be taken to be vibration owing
to resonance at the frequency or frequencies having the
large power.

[0028] In the case that the sensor 18 and the process-
ing block 20 are used during a manufacturing stage to
identify one or more resonant frequencies, data concern-
ing the identified one or more resonant frequencies may
be stored in some data storage associated with or part
of the sound reproduction apparatus so as to be acces-
sible later by the audio processor 12 during end use of
the sound reproduction apparatus by the end user. An
example of such a sound reproduction apparatus is
shown schematically in Figure 2. In Figure 2, a sound
reproduction apparatus 30, such as a television set, a
computer, a sound processing unit, etc., has a cabinet
or casing 32 in which are mounted a main processor 34
and data storage 36. In this example, the sound repro-
duction apparatus 30 has integral loudspeakers 38. In
other examples, the loudspeakers 38 are provided sep-
arately and connected to the sound reproduction appa-
ratus 30 using wired and/or wireless connections. The
sound reproduction apparatus 30 also has an audio proc-
essor 12 as described herein. This may be a separate
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processor or its function may be provided by the main
processor 34. In such a case, the vibration sensor 18 and
the processing block 20 may be used during the manu-
facturing stage and are not (necessarily) provided in the
end product version of the sound reproduction apparatus
30 which is made available to consumers or other end
users.

[0029] Alternatively, the sensor 18 and the processing
block 20 may be incorporated into the sound reproduction
apparatus for use by the end user. An example of such
a sound reproduction apparatus is shown schematically
in Figure 3, in which the same reference numerals are
used for the same or corresponding parts as in the ex-
ample of Figure 2 and the description thereof is not re-
peated here. In the example of Figure 3, the sound re-
production apparatus 30 additionally has a vibration sen-
sor 18 and a processing block 20 as described herein.
The processing block 20 may be a separate processor
or its function may be provided by the main processor 34
or the audio processor 12. The vibration sensor 18 is
fitted to the cabinet or casing 32 to detect vibrations of
the cabinet or casing 32. If the loudspeakers 38 are pro-
vided separately rather than integrally in the cabinet or
casing 32, a vibration sensor 18 may be fitted to one or
both loudspeaker cabinets instead of or in addition to a
vibration sensor 18 fitted to the main cabinet or casing
32. In any event, in such a case the sensor 18 and the
processing block 20 may be used during a preliminary
set-up of the sound reproduction apparatus when the
sound reproduction apparatus is installed or deployed by
the user so as to identify one or more resonant frequen-
cies. Again, the data concerning the identified one or
more resonant frequencies may be stored in the data
storage 36 so as to be accessible later by the audio proc-
essor 12 during end use of the sound reproduction ap-
paratus by the end user. Alternatively or additionally, the
sensor 18 and the processing block 20 may be used dy-
namically, in real time, when the sound reproduction ap-
paratus 30 is being used by the end user.

[0030] Ineithercase, when the sound reproduction ap-
paratus is being used by the end user, the audio proces-
sor 12 processes the input audio signal 14 based at least
in part on the identified one or more resonant frequencies
and outputs the output audio signal 16. The audio proc-
essor 12 operates to reduce the power at the resonant
frequency, in particular the instantaneous power at the
resonant frequency. The objective here is to prevent res-
onance and therefore vibration of the sound reproduction
apparatus occurring at the resonant frequency. As such,
the audio processor 12 may only operate to reduce the
power at the resonant frequency if the power was greater
than some threshold. The threshold may be preset, for
example by the manufacturer who determines a suitable
threshold for the specific sound reproduction apparatus
through testing, and/or may be adjustable by the user so
that the user can "fine-tune" this aspect of the operation
of the audio processor 12. Alternatively, the audio proc-
essor 12 may operate to reduce the power at the resonant
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frequency regardless of its power in the input audio signal
14. The amount of reduction of the power at the resonant
frequency may be by a fixed amount (corresponding for
example to a certain number of decibels, say 1 or 2 dec-
ibels, or Watts of output power, say 3 to 5 mWatts) or a
percentage or proportion of the power at the resonant
frequency (of say 5% or 10% or so say).

[0031] At the same time as reducing the power at the
resonant frequency, the audio processor 12 processes
the input audio signal 14 to increase the power of the
input audio signal 14 at at least some other audio fre-
quencies other than the resonant audio frequency. The
objective here is to "disguise" the reduction of the power
at the resonant frequency, which makes the reduction of
volume at the resonant frequency less noticeable for the
user. In an example, the reduction of the power at the
resonant frequency and the increase of the power of the
other frequencies is such that the total power (or, equiv-
alently, the average power) of the output audio signal 16
is the same, or at least substantially the same, as the
total (or average) power of the input audio signal 14 (to
within 1% or within 5% or less say). Keeping the total (or
average) power of the output audio signal 16 to be (at
least approximately) the same as the original input audio
signal 14 further helps to make the reduction at the res-
onant frequency less noticeable to the end user.

[0032] The other frequencies which are increased in
power may be frequencies that are adjacent to or neigh-
bouring to the resonant frequency. For example, the oth-
er frequencies which are increased in power may be fre-
quencies that are within say 1 % or somewhere in the
range of say 5% to 10% or so of the resonant frequency.
[0033] This is shown schematically in Figure 4, which
show plots of power against frequency of waveforms for
audio signals. The upper part of Figure 4 shows sche-
matically an example of a waveform for an input audio
signal 14. The lower part of Figure 4 shows schematically
an example of the waveform for the corresponding output
audio signal 16 produced by processing the input audio
signal 14.

[0034] Referring first to the waveform for the input au-
dio signal 14, the output of the processing block 20 shows
thatthere isalarge peak at a frequency fg having a power
PRr. The power Py at this frequency fg is used as a trigger
in this example for the audio processor 12 to reduce the
power at that frequency fg because otherwise it is likely
to cause a resonance and therefore vibration or buzzing.
[0035] Referring now to the waveform for the output
audio signal 16, this shows that the power of frequency
fr has been reduced by the audio processor 12. In addi-
tion, the power of the neighbouring frequencies that are
adjacent to the resonant frequency fi is increased. The
neighbouring frequencies whose power are increased
extend either side of the resonant frequency fg in this
example.

[0036] The extent of the neighbouring frequencies
whose power are increased is indicated schematically
by vertical dashed lines in Figure 4. The neighbouring
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frequencies may extend out by say a percentage of the
resonant frequency fg, such as =1% or =2% or so. For
example, the resonant frequency fgr may be say 500 Hz
and the neighbouring frequencies may be 490 Hz to 510
Hz. In this way, if the resonant frequency fg is a low fre-
quency, then the neighbouring frequencies whose power
is also adjusted extend over a relatively small range of
frequencies, whereas if the resonant frequency fi is a
high frequency, then the neighbouring frequencies
whose power is also adjusted extend over a relatively
large range of frequencies. Alternatively or additionally,
the neighbouring frequencies may extend out by a fixed
number of Hz, such as 10 Hz or 20 Hz say.

[0037] As mentioned, the reduction of the power at the
resonant frequency fg and the increase of the power of
the other, neighbouring frequencies is such that the total
(or average) power of the output audio signal 16 is the
same, or at least substantially the same, as the total (or
average) power of the input audio signal 14 (to within 5%
or less say). This may be regarded as increasing the
bandwidth of the signal at the resonant frequency fg and
decreasing its peak power so that the overall power is
the same, or at least substantially the same. If for exam-
ple the resonant frequency fg has an original peak power
Po and a bandwidth of Afo and is adjusted so that its
peak power becomes P and its bandwidth increases by
Af on both sides of the frequency fg, then:

Po*Afo = P*(Afo + 2Af)

or:

P = Po*Afo / (Afo + 2Af)

[0038] Moreover, in an example, the power of the
neighbouring frequencies that are closest to the resonant
frequency fr may be increased by a greater amount than
the neighbouring frequencies that are further from the
resonant frequency fz. The increase in power may for
example vary linearly with the distance of the neighbour-
ing frequency from the resonant frequency fg.

[0039] Examples of the present disclosure help to pre-
vent or eliminate vibration or buzzing that can occur in a
sound reproduction apparatus, whilst at the same time
reduce the likelihood that the user will notice that the
audio signal has been treated to prevent vibration occur-
ring.

[0040] It will be understood that the processor or
processing system or circuitry referred to herein may in
practice be provided by a single chip or integrated circuit
or plural chips or integrated circuits, optionally provided
as a chipset, an application-specific integrated circuit
(ASIC), field-programmable gate array (FPGA), digital
signal processor (DSP), graphics processing units
(GPUs), etc. The chip or chips may comprise circuitry
(as well as possibly firmware) for embodying at least one
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or more of a data processor or processors, a digital signal
processor or processors, baseband circuitry and radio
frequency circuitry, which are configurable so as to op-
erate in accordance with the exemplary embodiments.
In this regard, the exemplary embodiments may be im-
plemented at least in part by computer software stored
in (non-transitory) memory and executable by the proc-
essor, or by hardware, or by a combination of tangibly
stored software and hardware (and tangibly stored
firmware).

[0041] Reference is made herein to data storage for
storing data. This may be provided by a single device or
by plural devices. Suitable devices include for example
a hard disk and non-volatile semiconductor memory (e.g.
a solid-state drive or SSD).

[0042] The examples described herein are to be un-
derstood as illustrative examples of embodiments of the
invention. Further embodiments and examples are en-
visaged. Any feature described in relation to any one ex-
ample or embodiment may be used alone or in combi-
nation with other features. In addition, any feature de-
scribed in relation to any one example or embodiment
may also be used in combination with one or more fea-
tures of any other of the examples or embodiments, or
any combination of any other of the examples or embod-
iments. Furthermore, equivalents and modifications not
described herein may also be employed within the scope
of the invention, which is defined in the claims.

Claims

1. A method of processing an audio signal, the method
comprising:

receiving an audio signal as an input;
processing the input audio signal to provide an
audio signal to be output to a loudspeaker, in
which the processing of the input audio signal
reduces the power of the input audio signal at a
resonant audio frequency and increases the
power of the input audio signal at at least some
other audio frequencies other than the resonant
audio frequency.

2. A methodaccording to claim 1, wherein the resonant
frequency is a resonant frequency of a cabinet in
which the loudspeaker is mounted, the resonant fre-
quency being identified using a vibration sensor
which is attached to a cabinet in which the loud-
speaker is mounted.

3. A method according to claim 2, wherein the output
of the vibration sensor is subject to a Fast Fourier
Transform FFT to identify the resonant frequency.

4. A method according to any of claims 1 to 3, wherein
the total or average power of the output audio signal
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10.

1.

12.

is substantially the same as the total or average pow-
er of the input audio signal.

A method according to any of claims 1 to 4, wherein
the other audio frequencies are frequencies that are
within 5% of the resonant frequency.

An audio processor for processing an input audio
signal, the audio processor being arranged to:
process an input audio signal to provide an audio
signal to be output to a loudspeaker, wherein the
processor is configured such that the processing of
the input audio signal reduces the power of the input
audio signal at a resonant audio frequency and in-
creases the power of the inputaudio signal at at least
some other audio frequencies other than the reso-
nant audio frequency.

An audio processor according to claim 6, wherein
the processor is arranged to obtain the resonant fre-
quency from data storage in which the resonant fre-
quency is stored.

An audio processor according to claim 6 or claim 7,
wherein the processor is arranged to obtain the res-
onant frequency using a vibration sensor which is
attached to a cabinet in which said loudspeaker is
mounted.

An audio processor according to claim 8, wherein
the output of the vibration sensor is arranged to be
subject to a Fast Fourier Transform FFT to identify
the resonant frequency.

An audio processor according to any of claims 6 to
9, wherein the processor is configured such that the
total or average power of the output audio signal is
substantially the same as the total or average power
of the input audio signal.

An audio processor according to any of claims 6 to
10, wherein the processor is configured such that
the other audio frequencies are frequencies that are
within 5% of the resonant frequency.

A sound reproduction apparatus, the sound repro-
duction apparatus comprising an audio processor
according to any of claims 6 to 11 and at least one
loudspeaker which is arranged to receive an output
audio signal which is output by the audio processor.
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