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(57) ABSTRACT

The present teachings relate to an electronic device com-
prising: a first module for generating an audio signal; a
second module for generating an ultrasonic signal; a mixer
for generating a combined signal; a transmitter for output-
ting an acoustic signal dependent upon the combined signal;
and, a processing means for controlling the ultrasonic signal;
wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined value over a predetermined enable time-
period. The present teachings also relate to an electronic
device configured to decrease the amount of the ultrasonic
signal in the combined signal from an essentially zero value
to a predetermined value over a predetermined disable
time-period, and to an electronic device configured to
remove the audio signal from the combined signal whilst
preventing pop-noise, and to an electronic device capable of
replacing the ultrasonic signal whilst minimizing the pro-
cessing time. The present teachings further relate to a
method for reducing the occurrence of pop noise in an
acoustic signal associated with: initiating the ultrasonic
signal in the combined signal, terminating the ultrasonic
signal in the combined signal, terminating the audio signal
in the combined signal, and replacing the ultrasonic signal in
the combined signal. The present teachings also relate to a
computer software product for implementing any of the
method steps disclosed herein, and to a computer storage
medium storing the computer software herein disclosed.
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TOUCHLESS INTERACTION USING AUDIO
COMPONENTS

TECHNICAL FIELD

[0001] The present teachings relate to an electronic device
which is suitable for touchless interaction.

BACKGROUND ART

[0002] Several types of electronic devices in the market
today allow a user to interact with the device using a
touch-based interface, such as a touchscreen. The touch-
based interface is used to capture the user’s touch on a touch
sensitive surface for determining an input from the user, or
a user input. There also exist touchless interfaces for elec-
tronic devices that allow the user to interact with the device
in a touchless manner.

[0003] In handheld electronic devices such as mobile
phones, the touchless interface may be used to detect prox-
imity of an object. Accordingly, presence of objects such as
a user or a body part of the user may be detected within a
given distance from the device. In some cases, the touchless
interface may further be used to detect gestures performed
by the user.

[0004] Ultrasonic touchless technology is an example of
the technology used in touchless interfaces. In principle, the
ultrasonic touchless technology involves a detection based
upon the transmission of ultrasonic signals and the reception
of reflected ultrasonic signals reflected by one or more
objects in the vicinity of the device. In some cases, an
advantage of the ultrasonic touchless technology can be that
existing audio components of the electronic device can be
leveraged, thus obviating the requirement for additional
hardware. When no audio is being output and received, the
audio components may be used for ultrasonic detection
alone. Ultrasonic signals lie outside the typical human
audible range, so they may be superimposed on the regular
audio signals, for example, music playback or during phone
calls, such that ultrasonic detection may even be performed
while the audio components are being used for audio play-
back and/or capture. JP2004289280A, U.S. Pat. No. 9,699,
288B1, CN106896362A and US2011002474 describe solu-
tions combining the use of ultrasonic and acoustic signals in
the same speaker receiving ultrasonic signal used for inter-
rogating the environment.

[0005] In many cases, the earpiece speaker, or receiver,
may be used as an ultrasonic transmitter while most ordinary
microphones can function as ultrasonic receivers. Thus, by
using existing audio components of the electronic device
and preventing the use of custom components specifically
for ultrasonic detection, advantages such as lower cost and
simplified product design can be achieved.

[0006] Similarly, existing audio components such as
amplifiers, or codecs may also be used for amplifying or
processing the ultrasonic signals. This may be done either
for transmission of the ultrasonic signals and/or after recep-
tion of the reflected ultrasonic signals.

[0007] A prerequisite of using the existing audio compo-
nents, such as speaker and microphone, of the electronic
device for ultrasonic detection is that audio quality per-
ceived by the user should not be affected due to ultrasonic
detection operation. In other words, a typical user should not
be able to perceive a difference between audio quality with
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and without the ultrasonic signals being transmitted and/or
received through said audio components.

[0008] One of the problems that may arise in audio
components is pop noise. Pop noise, or click noise is
typically an audible noise that is heard when an audio
component such as amplifier is switched on or off. Audio
components such as amplifiers are often equipped with
hardware capabilities specifically for alleviating the occur-
rence of such noise from audio signals. Such specific hard-
ware capabilities may sometimes be absent or unsuitable for
preventing the occurrence of pop noise due to ultrasonic
signal being, started, stopped, or even mixed or combined
with an audio signal Furthermore, changing the gain or level
of the ultrasonic signal may also result in an occurrence of
pop noise,

[0009] Moreover, in certain cases, the processing compo-
nents such as an amplifier and/or a codec may not have a
knowledge of the specific signal parts because these pro-
cessing components typically handle a composite signal, i.e.,
a combination of signals consisting of an audio signal part
and an ultrasonic signal part. Even it assuming that said
processing component had a noise suppression capability, it
may be applied only if there is a change in the overall gain.
Thus, a change in one or more specific signal parts may not
be visible for the processing component, and may thus result
in pop noise.

[0010] There is hence a requirement of a method, a
software product implementing such a method, and an
electronic device suitable for ultrasonic touchless interaction
that can suppress pop noise without relying upon the avail-
ability of specific noise suppression hardware or capability.

SUMMARY

[0011] At least some problems inherent to the prior-art
will be shown solved by the features of the accompanying
independent claims.

[0012] When viewed from a first perspective, there can be
provided an electronic device comprising:

[0013] a first module for generating an audio signal;

[0014] a second module for generating an ultrasonic
signal;

[0015] a mixer for generating a combined signal;

[0016] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,
[0017] a processing means for controlling the ultrasonic
signal;

wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined value over a predetermined enable time-
period.
[0018] It will be understood that the predetermined enable
time-period is such that the occurrence of pop noise in the
acoustic signal due to the ultrasonic signal being initiated is
reduced at least substantially.
[0019] The processing means may effect the increase in
the amount of the ultrasonic signal in the combined signal
via the second module, e.g., by controlling the generation of
the ultrasonic signal by the second module. The processing
means may thus scalably increase the ultrasonic signal over
the predetermined enable time-period. Alternatively, the
processing means may increase the amount of the ultrasonic
signal in the combined signal via the mixer, e.g., by con-
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trolling the amount of ultrasonic signal that is combined
with the audio signal. Alternatively, the processing means
may increase the amount of the ultrasonic signal in the
combined signal via another module. The other module may,
e.g., be connected between the second module and the
mixer. According to aspect, the processing means may
increase the amount of the ultrasonic signal in the combined
signal via any combination of the above.
[0020] According to an aspect, the enable time-period is
preferably in the range from about 1 ms to around 500 ms.
More preferably, the enable time-period is in the range from
about 5 ms to about 50 ms within which range, the applicant
has realized that the pop-noise is effectively reduced without
introducing an excessive time delay. In certain cases, a value
of 5 ms or approximately 5 ms for the enable time-period
may be preferable. In some cases, a value of 10 ms or
approximately 10 ms for the enable time-period may be
preferable. The enable time-period is typically calculated
with respect to the amplitude of the ultrasonic signal, i.e., the
amplitude representing the amount of the ultrasonic signal.
It will be understood that larger enable time-periods may be
possible, although they may not be desirable due to addi-
tional time delay introduced in the processing of the ultra-
sonic signals.
[0021] As will be appreciated, the combined signal may
comprise an, either zero or non-zero, amount of said audio
signal and, an, either zero or non-zero, amount of said
ultrasonic signal. More specifically, at the time the first
instruction signal occurs, Le., before the ultrasonic signal is
initiated, the combined signal may comprise an, either zero
or non-zero, amount of said audio signal.
[0022] Accordingly, there can also be provided an elec-
tronic device comprising:
[0023] a first module for generating an audio signal;
[0024] a second module configured to generate an ultra-
sonic signal;
[0025] a mixer for generating a combined signal, said
combined signal comprising:
[0026] an, either zero or non-zero, amount of said
audio signal and,
[0027] an, either zero or non-zero, amount of said
ultrasonic signal;
[0028] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,
[0029] a processing means for controlling the ultrasonic
signal;
wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, from an essentially zero
value to a predetermined non-zero value, in the combined
signal, the processing means is configured to increase the
amount of the ultrasonic signal in the combined signal from
the essentially zero value to the predetermined value over a
predetermined enable time-period, thereby at least substan-
tially reducing the occurrence of pop noise in the acoustic
signal due to the ultrasonic signal being initiated,
[0030] It will be clear that the audio signal, the ultrasonic
signal, and the combined signal are electrical signals, which
are converted to the acoustic signal. More specifically, when
a non-zero amount of ultrasonic signal is present in the
combined signal, it is converted to an ultrasonic component
of the acoustic signal. Similarly, when a non-zero amount of
audio signal present in the combined signal, it is converted
to an audio component of the acoustic signal. It will further

Dec. 30, 2021

be understood that the combined signal when generated may
comprise either one or both of:
the audio signal, and
the ultrasonic signal,
dependent upon the state of the electronic device.
[0031] Accordingly, as it will be clear, the operating
modes or conditions of the transmitter include transmitting
either one or both of:

[0032] the audio component dependent upon a non-zero

amount of the audio signal, and
[0033] the ultrasonic component dependent upon a non-
zero amount the ultrasonic signal.

[0034] By saying, over a time-period, it will be clear that
the corresponding operation is started at the beginning of the
time-period and completed at the end of that time-period. In
a very simple sense, it can be imagined that the operation is
ramped within the extremities of the time-period. By saying
ramped, it is also intended to cover not only a linear
progression in a given direction, but also progression in a
plurality of discrete steps which permit that pop or click
noise is mitigated in the acoustic signal. The term ramped,
e.g., ramp up or ramp down, in this context is thus also
intended to encompass especially lower order exponential or
a complex exponential progression of the action within the
corresponding time-period.
[0035] As discussed, the applicant has realized that by
ramping up, over the enable time-period, the amount of
ultrasonic signal from zero or essentially a zero value to a
desired predetermined value, the pop noise contribution due
to the initiation of the ultrasonic signal may be substantially
reduced or essentially eliminated. The acoustic signal gen-
erated by the transmitter by using the combined signal can
hence prevent a typical user from hearing such pop or click
noise. Accordingly, the audio quality can thus be maintained
by implementing the present teachings.
[0036] As stated previously, it will be appreciated that for
the above initiation of the ultrasonic signal, the audio signal
may be present in the combined signal or it may be absent,
i.e., the combined signal may comprise either zero or
non-zero, amount of the audio signal. As it would already be
clear, the first module is configured to generate the audio
signal when the combined signal comprises a non-zero
amount of said audio signal.
[0037] It will be understood that the term transmitter is
used in a general sense to encompass any kind of transducer,
such as a speaker, capable of transmitting audio and ultra-
sonic signals. Accordingly, the transmitter may be any kind
of speaker or electromechanical device which can produce
acoustic signals in the audible range, as well as in ultrasonic
range. The speaker may be loudspeaker, piezoelectric
speaker, or such device. In other words, the speaker is an
electromechanical transducer capable of converting an elec-
trical signal to an acoustic signal. In context of the above, the
combined signal is the electrical signal.
[0038] The applicant has further realized a way to reduce
the pop noise contribution due to stopping or removal of the
ultrasonic signal from the combined signal. Hence, when
viewed from a second perspective, there can be also be
provided an electronic device comprising:

[0039] a first module for generating an audio signal;

[0040] a second module for generating an ultrasonic
signal;

[0041] a mixer for generating a combined signal;
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[0042] a transmitter for outputting an acoustic signal
dependent upon the combined signal; and,

[0043]
signal;

a processing means for controlling the ultrasonic

wherein, in response to receiving a second instruction signal
for terminating the ultrasonic signal, the processing means is
configured to decrease the amount of the ultrasonic signal in
the combined signal from a predetermined value to an
essentially zero value over a predetermined disable time-
period.

[0044] It will be understood that the predetermined disable
time-period is such that the occurrence of pop noise in the
acoustic signal due to the ultrasonic signal being stopped or
terminated is reduced at least substantially.

[0045] As discussed previously, the processing means may
effect the decrease in the amount of the ultrasonic signal in
the combined signal via the second module, e.g., by con-
trolling the generation of the ultrasonic signal by the second
module. The processing means may thus scalably decrease
the generation of the ultrasonic signal over the predeter-
mined disable time-period. Alternatively, the processing
means may decrease the amount of the ultrasonic signal in
the combined signal via the mixer, e.g., by controlling the
amount of ultrasonic signal that is combined with the audio
signal. Alternatively, the processing means may decrease the
amount of the ultrasonic signal in the combined signal via
any another module. The any another module may, e.g., be
connected between the second module and the mixer.
According to aspect, the processing means may decrease the
amount of the ultrasonic signal in the combined signal via
any combination of the above.

[0046] it will further be understood that the processing
means may effect the increase/decrease in the amount of the
ultrasonic signal in the combined signal by sending one of
more instructions or control signals to the respective one or
more modules and/or the mixer.

[0047] The disable time-period may be equal to the enable
time-period or they may be different values. Thus, according
to an aspect, the disable time-period is preferably in the
range from about 1 ms to around 500 ms. More preferably,
the disable time-period is in the range from about 5 ms to
about 50 ms within which range, the applicant has realized
that the pop-noise is effectively reduced without introducing
an excessive time delay, In certain cases, a value of 5 ms or
approximately 5 ms for the disable time-period may be
preferable. In some cases, a value of 10 ms or approximately
10 ms for the disable time-period may be preferable. The
disable time-period is typically calculated with respect to the
amplitude of the ultrasonic signal, i.e., the amplitude rep-
resenting the amount of the ultrasonic signal. It will be
understood that larger disable time-periods may be possible,
although they may not be desirable due to additional time
delay introduced in the processing of the ultrasonic signals.

[0048] As before, it will be appreciated, the combined
signal may comprise an, either zero or non-zero, amount of
said audio signal and, an, either zero or non-zero, amount of
said ultrasonic signal. More specifically, at the time the
second instruction signal occurs, i.e., when the ultrasonic
signal is present in the combined signal, the combined signal
may comprise an, either zero or non-zero, amount of said
audio signal.

Dec. 30, 2021

[0049] Accordingly, there can be also be provided an
electronic device comprising:

[0050] a first module for generating an audio signal;

[0051] a second module configured to generate an ultra-
sonic signal;

[0052] a mixer configured to generate a combined sig-
nal, said combined signal comprising:

[0053] an, either zero or non-zero, amount of said
audio signal and,

[0054] an, either zero or non-zero, amount of said
ultrasonic signal;

[0055] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,

[0056] a processing means for controlling the ultrasonic
signal;

wherein, in response to receiving a second instruction signal
for terminating the ultrasonic signal, from a predetermined
non-zero value, in the combined signal, the processing
means is configured to decrease the amount of the ultrasonic
signal from the predetermined value to an essentially zero
value over a predetermined disable time-period, thereby at
least substantially reducing the occurrence of pop noise in
the acoustic signal due to the ultrasonic signal being termi-
nated or removed from the combined signal.

[0057] It will be understood that the first and the second
perspectives may be combined such that there can be also be
provided an electronic device comprising:

[0058] a first module for generating an audio signal;

[0059] a second module configured to generate an ultra-
sonic signal;

[0060] a mixer for generating a combined signal;

[0061] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,

[0062] a processing means for controlling the ultrasonic
signal;

wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to:

[0063] increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined enable value over a predetermined
enable time-period; and

in response to receiving a second instruction signal for
terminating the ultrasonic signal, the processing means is
configured to:

[0064] decrease the amount of the ultrasonic signal
from a predetermined disable value to an essentially
zero value over a predetermined disable time-period.

[0065] The enable time-period and the disable time-period
can be as were discussed previously, i.e., they are such that
the occurrence of pop noise in the acoustic signal due to the
ultrasonic signal being initiated and due to the ultrasonic
signal being stopped or terminated is reduced at least
substantially.

[0066] The combined signal is also as discussed previ-
ously, notably, the combined signal at any point may com-
prise an, either zero or non-zero, amount of said audio signal
and, an, either zero or non-zero, amount of said ultrasonic
signal.

[0067] Accordingly, there can also be provided an elec-
tronic device comprising:

[0068] a first module for generating an audio signal;

[0069] a second module configured to generate an ultra-
sonic signal;
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[0070] a mixer for generating a combined signal, said
combined signal comprising:

[0071] an, either zero or non-zero, amount of said
audio signal and,

[0072] an, either zero or non-zero, amount of said
ultrasonic signal;

[0073] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,

[0074] a processing means for controlling the ultrasonic
signal;

wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, from an essentially zero
value to a predetermined non-zero enable value, in the
combined signal, the processing means is configured to:

[0075] increase the amount of the ultrasonic signal in
the combined signal from the essentially zero value to
the predetermined enable value over a predetermined
enable time-period, thereby at least substantially reduc-
ing the occurrence of pop noise in the acoustic signal
due to the ultrasonic signal being initiated; and

in response to receiving a second instruction signal for
terminating the ultrasonic signal, from a predetermined
non-zero disable value, in the combined signal, the process-
ing means is configured to:

[0076] decrease the amount of the ultrasonic signal
from the predetermined disable value to an essentially
zero value over a predetermined disable time-period,
thereby at least substantially reducing the occurrence of
pop noise in the acoustic signal due to the ultrasonic
signal being terminated or removed from the combined
signal

[0077] It will be appreciated that the predetermined enable
value and the predetermined disable value can either be the
same value, i.e., they can be equal to the predetermined
value, or they can be different values. For example, if during
the operation, the amount of ultrasonic signal was changed
to a different value, then the predetermined unable value and
the predetermined disable value can be different values.
[0078] According to an aspect the first instruction signal is
an ultrasonic enable signal. Similarly, the second instruction
signal may be an ultrasonic disable signal. The ultrasonic
enable signal and the ultrasonic disable signal may be the
same ultrasonic control signal or they may be different
signals. The ultrasonic control signal may comprise an
enable state and a disable state, wherein the ultrasonic signal
is initiated when the ultrasonic control signal is in the enable
state, and the ultrasonic signal is terminated when the
ultrasonic control signal is in the disable state. The ultra-
sonic control signal can, for example, be a binary signal
representing the enable state and the disable state according
to the respective binary states.

[0079] The applicant has further realized that a termina-
tion or removal of the audio signal while a non-zero amount
of ultrasonic signal is present in the combined signal, i.e.,
when the combined signal comprises non-zero ultrasonic
signal, can also result in an occurrence of pop or click noise,
Accordingly, when viewed from a third perspective there
can be also be provided an electronic device comprising:

[0080] a first module for generating an audio signal;

[0081] a second module for generating an ultrasonic
signal;

[0082] a mixer for generating a combined signal;

[0083] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,
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[0084] a processing means for controlling:
[0085] the ultrasonic signal; and
[0086] the audio signal;

wherein, in response to receiving a third instruction for
terminating the audio signal, the processing means is con-
figured to:

[0087] decrease the amount of the ultrasonic signal, in
the combined signal, from a predetermined value to an
essentially zero value over a predetermined disable
time-period; and

[0088] upon expiry of the predetermined disable time-
period, terminate or remove the audio signal from the
combined signal.

[0089] It will be understood that in this case, the prede-
termined value of the ultrasonic signal is a non-zero value,
i.e., the ultrasonic signal is present in the combined signal.
[0090] As was discussed previously, the predetermined
disable time-period is such that the occurrence of pop noise
in the acoustic signal due to the ultrasonic signal being
stopped or terminated is reduced at least substantially.

[0091] Other features and values can be as were discussed
previously.
[0092] It is assumed above that disabling the audio part

itself does not require an explicit specification of pop noise
compensation. The present teachings especially address the
scenarios where an ultrasonic signal is generated using the
existing audio components before, after or while audio
signals are being processed by said components. As men-
tioned previously, the audio components such as amplifiers
are often equipped with hardware capabilities specifically
for alleviating the occurrence of such noise, so it will be
appreciated that by saying above that thereby at least sub-
stantially reducing the occurrence of pop noise in the
acoustic signal due to the audio being stopped or paused, the
skilled person will understand that pop noise for the audio
signal itself is dealt with by one or more of the audio
components themselves. However, if required, the audio
signal may also be ramped down in a similar manner,
[0093] There can be also be provided an electronic device
comprising:
[0094]
signal;
[0095] a second module configured to generate an ultra-
sonic signal;
[0096] a mixer configured to generate a combined sig-
nal, said combined signal comprising:
[0097] an, either zero or non-zero, amount of said
audio signal and,
[0098] an, either zero or non-zero, amount of said
ultrasonic signal;
[0099] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,

a first module configured to generate an audio

[0100] a processing means for controlling:
[0101] the ultrasonic signal; and
[0102] the audio signal;

wherein, in response to receiving a third instruction for
terminating the audio signal, from a non-zero value, in the
combined signal, the processing means is configured to:
[0103] decrease the amount of the ultrasonic signal, in
the combined signal, from a predetermined value to an
essentially zero value over a predetermined disable
time-period; and
[0104] upon expiry of the predetermined disable time-
period, terminate or remove the audio signal from the
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combined signal, thereby at least substantially reducing
the occurrence of pop noise in the acoustic signal due
to the audio being terminated from the combined
signal.
[0105] As it will be understood, the third instruction for
terminating the audio signal, in other words interrupting the
audio signal by stopping or pausing, may be initiated by a
user of the electronic device, for example, when the user
pauses or stops an audio track being played through the
transmitter or speaker. Alternatively, the third instruction
may be initiated by a module of the electronic device in
response to a change is state of the electronic device. The
third instruction may even be initiated by a change in the use
case of the electronic device. For example, when the elec-
tronic device is a device such as a mobile phone, and when
the phone starts ringing due to an incoming call while music
is being played through a speaker. In such a case, the phone
may interrupt the music, for example, for playing a ringtone.
Other examples are, in case of an alarm, or even notification
that requires the audio being played to be interrupted.
[0106] The ways in which the signals may be initiated and
terminated can be as discussed previously, e.g., via their
respective modules or via the mixer, etc.
[0107] The applicant has realized that, as specified above,
by ramping down the amount of said ultrasonic signal from
a predetermined value to zero or an essentially zero value,
the pop noise contribution due to removal of the audio signal
from the combined signal may be substantially reduced or
essentially eliminated. The acoustic signal generated by the
transmitter as a result of outputting the combined signal
controlled as above can hence prevent a typical user from
hearing such pop or click noise. Accordingly, the audio
quality can thus be maintained by implementing the present
teachings.
[0108] According to another aspect, a predetermined time
delay is inserted between the expiry of the predetermined
disable time-period and the termination of the audio signal
in the combined signal. This can further allow additional
flexibility in selecting the predetermined disable time-period
i.e., a suitable ramp down period, and ensuring that the
amount of audio signal becomes essentially zero or is
removed altogether from the combined signal.
[0109] According to an aspect, as was discussed previ-
ously, the increase in the amount of said ultrasonic signal
from an essentially zero value to the predetermined value
over the enable time-period, or the ramping up of said
ultrasonic signal, is an increase in the amplitude of the
ultrasonic signal from an essentially zero amplitude value to
a predetermined amplitude value over the enable time-
period. Alternatively, the increase in the amount may even
correspond to another parameter, such as an increase in the
power of the ultrasonic signal from an essentially zero
power value to a predetermined power value over the enable
time-period. The increase may even correspond or be speci-
fied as an increase in the peak-to-peak (“p-p”) value of the
ultrasonic signal.
[0110] Furthermore, the decrease in the amount of said
ultrasonic signal from the predetermined value to an essen-
tially zero value over the predetermined disable time-period,
or the ramping down of said ultrasonic signal, may corre-
spond to a decrease in the amplitude of the ultrasonic signal
from a predetermined amplitude value to an essentially zero
amplitude value over the predetermined disable time-period,
or it may be a decrease in the power of the ultrasonic signal
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from a predetermined power value to an essentially zero
power value over the predetermined disable time-period.
The decrease may even correspond or be specified as a
decrease in the peak-to-peak value of the ultrasonic signal.

[0111] A suitable corresponding enable or disable time-
period can thus be found for the respective parameter that
prevents an occurrence of pop noise in the acoustic signal
due to the ultrasonic signal being initiated or terminated
respectively.

[0112] it will thus be understood that the amounts of
signals and values thereof mentioned herein pertain to a
real-time parameter related to the corresponding signal, such
as one or more of: amplitude, p-p value, power. Further-
more, the predetermined values may be specified as an
instantaneous value or parameter of the respective signal, or
an average value thereof for a specific time-period.

[0113] It will further be clear that by saying, a zero amount
of a given signal, it is meant that the signal is practically
absent, or it is not being generated, outputted or transmitted.

[0114] According to an aspect, as it was discussed previ-
ously, the increase in the amount of said ultrasonic signal is
effected by the processing means via the second module.
Alternatively, the increase in the amount of said ultrasonic
signal may be effected via the mixer. Further alternatively,
the increase in the amount of said ultrasonic signal may be
effected via another module between the second module and
the mixer. The increase may even be effected by any of the
combination of, via the second module, the mixer, an
another module. The increase may be effected by the pro-
cessing means by configuring an increase control signal,
such as a gain control signal, either of the second module
and/or that of the mixer and/or the another module. Accord-
ing to an aspect, the increase in the amount of said ultrasonic
signal is in relationship with a level of an increase gain
control signal, for example, the increase in the amount of
said ultrasonic signal may be proportional to the level of the
increase gain control signal. Alternatively, the increase may
be inversely proportional to the level of the increase gain
control signal. The relationship may even be another math-
ematical function.

[0115] Similar, to the above, the decrease in the amount of
said ultrasonic signal may be effected by the processing
means via the second module, or via the mixer, or via
another module, or by any of their combination. Similarly to
the above, the decrease may be effected by a decrease
control signal, such as a gain control signal, either of the
second module and/or that of the mixer, and/or of the
another module. Similarly, according to another aspect, the
decrease in the amount of said ultrasonic signal may be in
any mathematical relationship with a level of a decrease gain
control signal: proportional, inversely proportional, or
another.

[0116] The increase control signal and the decrease control
signal may be controlled directly by the processing means,
or it may be controlled by the processing means via other
module in the electronic device functionally coupled to the
processing means.

[0117] According to yet another aspect, in cases where is
required to resume the ultrasonic transmission after termi-
nating the audio signal, the processing means, in response to
receiving a fourth instruction signal for resuming generation
of the ultrasonic signal in the combined signal, is further
configured to:
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[0118] increase the amount of said ultrasonic signal
from an essentially zero value to a predetermined value
over a re-enable time-period. Thereby at least the
occurrence of pop noise in the acoustic signal due to the
ultrasonic signal being resumed can be substantially
reduced.

[0119] The re-enable time-period can either have the same
value as the enable time-period, or the disable time-period,
or it can be a different value as outlined before in this
disclosure. Thus, according to an aspect, the re-enable
time-period is preferably in the range from about 1 ms to
around 500 ms. More preferably, the re-enable time-period
is in the range from about 5 ms to about 50 ms within which
range, the applicant has realized that the pop-noise is effec-
tively reduced without introducing an excessive time delay.
In certain cases, a value of 5 ms or approximately 5 ms for
the re-enable time-period may be preferable. In some cases,
a value of 10 ms or approximately 10 ms for the re-enable
time-period may be preferable. Like other time periods
specified in this disclosure, the re-enable time-period is also
typically calculated with respect to the amplitude of the
ultrasonic signal, i.e., the amplitude representing the amount
of the ultrasonic signal. It will be understood that larger
re-enable time-periods may be possible, although they may
not be desirable due to additional time delay introduced in
the processing of the ultrasonic signals.

[0120] Similar to the increase in the amount of said
ultrasonic signal from an essentially zero value to the
predetermined value over the enable time-period, the
increase in the amount of ultrasonic signal over the re-enable
time may be specified as an amount of amplitude, power or
p-p value.

[0121] The applicant has also realized that a change in
some of the properties of the ultrasonic signal while a
non-zero amount of ultrasonic signal is present in the
combined signal, i.e., the combined signal comprises non-
zero ultrasonic signal, can also result in an occurrence of pop
or click noise, irrespective of the audio signal being present
or not in the combined signal. The change in the ultrasonic
signal or the change in the properties of the ultrasonic signal
may also be viewed as the ultrasonic signal being replaced
by a second ultrasonic signal. Examples of such a change in
properties can be, changing the frequency of the ultrasonic
signal, changing the phase of the ultrasonic signal, or even
a relatively large change in the amplitude or p-p value of the
amount of said ultrasonic signal within a short period of
time. Those skilled in the art will appreciate that such
changes can be effected, for example, for finding a favorable
set of operating parameters for the ultrasonic signal for
avoiding ambient noise region, etc.

[0122] Accordingly, when viewed from a fourth perspec-
tive there can be also be provided an electronic device
comprising:

[0123]

[0124]
signal;

[0125]
signal;

[0126] a mixer for generating a combined signal;

[0127] a transmitter for outputting an acoustic signal
dependent upon the combined signal; and,

a first module for generating an audio signal;
a second module for generating an ultrasonic

a third module for generating a second ultrasonic

[0128] a processing means for controlling:
[0129] the ultrasonic signal; and
[0130] the second ultrasonic signal;

Dec. 30, 2021

wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal, the processing means is
configured to:

[0131] decrease in the amount of the ultrasonic signal
from a predetermined value to an essentially zero value,
the decrease being executed over a predetermined
disable time-period; and

[0132] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initiate
an increase in the amount of said second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to a predetermined second value over
a predetermined replace time-period,

[0133] The predetermined disable time-period may have
the same value as the predetermined replace time-period, or
they can be different values. The range of the time periods
or their values may be similar to those discussed previously.
Thus, according to an aspect, the replace time-period is
preferably in the range from about 1 ms to around 500 ms.
More preferably, the replace time-period is in the range from
about 5 ms to about 50 ms within which range, the applicant
has realized that the pop-noise is effectively reduced without
introducing an excessive time delay. In certain cases, a value
of 5 ms or approximately 5 ms for the replace time-period
may be preferable. In some cases, a value of 10 ms or
approximately 10 ms for the replace time-period may be
preferable. The replace time-period is typically calculated
with respect to the amplitude of the ultrasonic signal, i.e., the
amplitude representing the amount of the ultrasonic signal.
It will be understood that larger replace time-periods may be
possible, although they may not be desirable due to addi-
tional time delay introduced in the processing of the ultra-
sonic signals.

[0134] It will be understood that the initiation of the
decrease in the amount of said ultrasonic signal can be
triggered by the ultrasonic disable signal as outlined previ-
ously. Thus, according to an aspect, the generation of the
ultrasonic signal is terminated in response to an ultrasonic
disable signal. Similarly, the generation of the second ultra-
sonic signal can be initiated by a second ultrasonic enable
signal. Furthermore, as outlined in the previous perspec-
tives, the generation of the ultrasonic signal may be enabled
in response to an ultrasonic enable signal. Also, the genera-
tion of the second ultrasonic signal may be terminated in
response to a second ultrasonic disable signal. Or more
generally, any of the modules specified above may have
corresponding enable and/or disable signals that are used for
initiating/terminating the generation of the respective sig-
nals.

[0135] Other features and the values of the time-periods
can be similar to those as discussed before. As was discussed
previously, the replace time-period is such that the occur-
rence of pop noise in the acoustic signal due to the ultrasonic
signal being changed is reduced at least substantially.

[0136] Accordingly, there can be also be provided an
electronic device comprising:

[0137]

[0138] a second module configured to generate an ultra-
sonic signal;

[0139] a third module configured to generate a second
ultrasonic signal;

a first module for generating an audio signal;
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[0140] a mixer configured to generate a combined sig-
nal, said combined signal comprising:
[0141] an, either zero or non-zero, amount of said
audio signal;
[0142] an, either zero or non-zero, amount of said
ultrasonic signal; and,
[0143] an, either zero or non-zero, amount of said
second ultrasonic signal;
[0144] a transmitter configured to output an acoustic
signal dependent upon the combined signal; and,

[0145] a processing means for controlling:
[0146] the ultrasonic signal; and
[0147] the second ultrasonic signal;

wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal of a predetermined non-zero
value with the second ultrasonic signal of a predetermined
second value, in the combined signal, the processing means
is configured to:

[0148] decrease in the amount of the ultrasonic signal
from the predetermined value to an essentially zero
value, the decrease being executed over a predeter-
mined disable time-period; and

[0149] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initi-
ating an increase in the amount of said second ultra-
sonic signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to the predetermined second value
over a predetermined replace time-period, thereby at
least substantially reducing the occurrence of pop noise
in the acoustic signal due to the ultrasonic signal being
replaced by the second ultrasonic signal.

[0150] The applicant has realized that such an overlap in
the ramping down of the ultrasonic signal and ramping up
said second ultrasonic signal can reduce the delay in starting
the processing of the second ultrasonic signal. It can be
beneficial, for example, in most ultrasonic touchless detec-
tion cases to resume the processing of said second ultrasonic
signal as soon as possible after the removal of said ultrasonic
signal. Accordingly, the shortest delay can be obtained by
initiating the increase in the amount of said second ultra-
sonic signal essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal. As an
example, it will be appreciated that if the predetermined
disable time-period is at least substantially equal to the
predetermined replace time-period, by essentially com-
pletely overlapping the ramping down of the ultrasonic
signal with the ramping up said second ultrasonic signal,
essentially a whole time-period can be saved as compared to
the case where the ramping up of said second ultrasonic
signal follows the completion of the ramping down of the
ultrasonic signal.

[0151] According to an aspect, the electronic device also
comprises al least one receiver such as a microphone for
receiving a response of the acoustic signal. In most cases, the
response of the acoustic signal comprises an echo of the
acoustic signal. The echo of the acoustic signal that is
received by the receiver is a reflection of the acoustic signal
reflected by an object that is present within a certain distance
from the device. If multiple objects are present, the receiver
may receive a plurality of echoes, each being reflected by
each individual object. In some cases, the user may be
considered an object, while in other cases a body part, such
as a hand or a finger, of the user may be considered as an
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object. Accordingly, in such cases, different body parts, such
as hands and head, of the user may be considered as different
objects.

[0152] The echo may be processed using the processing
means, or by another computer processor in the electronic
device. When the combined signal comprises a non-zero
amount of said ultrasonic signal, the processing means or the
another processor is configured to analyze the echo for
extracting one or more parameters related to the object. The
parameters may include, distance of the object from the
device, a movement parameter of the object such as speed or
velocity of the object, trajectory or path of the object, and
such. It will be appreciated that the processing operations
mentioned previously, such as the processing of the second
ultrasonic signal, can be performed by the processing means
or processor. In some cases, the generation of the ultrasonic
signal, and the audio signal is also controlled by the same
processing means. Alternatively, the control may be done by
different processing units functionally linked to each
another. The processing units of the electronic device may
be different units in terms of hardware, such as different
integrated circuits, or they may be different software rou-
tines running on the same hardware processor.

[0153] According to an aspect, the processing means is a
computer processor such as a microprocessor or digital
signal processor (“DSP”). According to another aspect, at
least one of: the first module, the second module, and the
mixer, are a part of the processing means. According to
another aspect, at least two of: the first module, the second
module, and the mixer, are the same device. As mentioned,
the mixer may be a part of the processing means, or it may
be a different device functionally linked, in terms of hard-
ware and/or software, to the processing means. Also, as
mentioned, the first module and/or the second module may
either be comprised within the processing means, or they
may be different hardware and/or software modules func-
tionally linked to the processing means.

[0154] One of more of the: processing means, first mod-
ule, second module, third module may be implemented on a
processing unit such as a DSP, or in a codec, or on an
application processor (“AP”), or in a smart power amplifier
(“smart PA”), or in a smart receiver. Alternatively, said
modules may be distributed on a plurality of such processing
units. It will be understood that a smart PA is an amplifier
including one or more processing cores or processor(s).
Similarly, a smart receiver is a general term for a smart
microphone that also has one or more processing cores.
Additionally, other modules as discussed in this disclosure
may also be included on the same processing unit or
distributed on multiple processing units as appropriate. For
example, in case of a smart PA, the transmitter can also be
a part of the same processing unit. An exact location of the
modules or the processing means is not limiting to the scope
or generality of the present teachings.

[0155] In some cases, at least one of the instructions or
control signals may be generated by the processing means,
for example, by other hardware or software modules within
the processing means. In some cases, some of the instruc-
tions may be generated by another module or another
processor functionally linked to the processing means,
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[0156] Accordingly, summarizing the above, there can
also be provided an electronic device comprising:

[0157] a first module for generating an audio signal;

[0158] a second module for generating an ultrasonic
signal;

[0159] athird module for generating a second ultrasonic
signal;

[0160] a mixer for generating a combined signal;

[0161] a transmitter for outputting an acoustic signal

dependent upon the combined signal;
[0162] a receiver for receiving an echo a e combined
signal being reflected by an object; and

[0163] a processing means for:
[0164] controlling the ultrasonic signal;
[0165] controlling second ultrasonic signal; and
[0166] analyzing the echo;

wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal of a predetermined value with
the second ultrasonic signal of a predetermined second
value, the processing means is configured to:

[0167] interrupt analyzing the echo;

[0168] initiate a decrease in the amount of the ultrasonic
signal from the predetermined value to an essentially
zero value, the decrease being executed over a prede-
termined disable time-period; and

[0169] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initi-
ating an increase in the amount of the second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to the predetermined second value
over a predetermined replace time-period; and

[0170] resume analyzing the echo after the expiry of the
replace time-period.

[0171] As was discussed previously, the time-periods are
such that the occurrence of pop noise in the acoustic signal
is reduced at least substantially. The time-periods and mod-
ules can be similar to those as discussed in the disclosure.
[0172] So, there can also be provided an electronic device
comprising:

[0173] a first module for generating an audio signal;

[0174] a second module configured to generate an ultra-
sonic signal;

[0175] a third module configured to generate a second
ultrasonic signal;

[0176] a mixer configured to generate a combined sig-
nal, said combined signal comprising:

[0177] an, either zero or non-zero, amount of said
audio signal;

[0178] an, either zero or non-zero, amount of said
ultrasonic signal; and,

[0179] an, either zero or non-zero, amount of said
second ultrasonic signal;

[0180] a transmitter configured to output an acoustic
signal dependent upon the combined signal;

[0181] a receiver configured to receive an echo of the
combined signal being reflected by an object; and

[0182] a processing means for:
[0183] controlling the ultrasonic signal;
[0184] controlling the second ultrasonic signal; and
[0185] analyzing the echo for determining at least

one parameter related to the object;
wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal of a predetermined non-zero
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value with the second ultrasonic signal of a predetermined
second value, in the combined signal, the processing means
is configured to:

[0186] interrupt analyzing the echo;

[0187] initiate a decrease in the amount of the ultrasonic
signal from the predetermined value to an essentially
zero value, the decrease being executed over a prede-
termined disable time-period; and

[0188] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initi-
ating an increase in the amount of the second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to the predetermined second value
over a predetermined replace time-period, thereby at
least substantially reducing the occurrence of pop noise
in the acoustic signal due to the ultrasonic signal being
replaced by the second ultrasonic signal; and

[0189] resume analyzing the echo after the expiry of the
replace time-period.

[0190] Accordingly, corresponding to the First perspec-
tive, there can also be provided a method for reducing the
occurrence of pop noise in an acoustic signal generated by
a transmitter in an electronic device, the electronic device
also comprising a first module, a second module, a mixer,
and a processing means, which method comprises:

[0191] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0192] aanultrasonic signal from the second module;
and
[0193] an audio signal from the first module;
[0194] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0195] receiving, at the processing means, a first
instruction signal for initiating the ultrasonic signal in
the combined signal;

[0196] initiating, in response to the first instruction
signal, via the processing means an increase in the
amount of said ultrasonic signal in the combined signal,
wherein

the amount of the ultrasonic signal in the combined signal is
increased from an essentially zero value to the predeter-
mined value over a predetermined enable time-period.
[0197] As it was discussed, the combined signal in such
case may comprise either a non-zero, amount of an audio
signal, or it may not comprise the audio signal (or a zero
amount of audio signal). However, the combined signal does
not comprise the ultrasonic signal when the first instruction
occurs, i.e., the ultrasonic signal is absent from the com-
bined signal. The ultrasonic signal may be absent from the
combined signal, e.g., by the transmission from the ultra-
sonic output being disabled, or it may be blocked by the
mixer, as it was discussed previously.

[0198] As also discussed previously, the time-period is
selected such that the occurrence of pop noise in the acoustic
signal due to the ultrasonic signal being initiated is reduced
at least substantially. The range and value of the enable
time-period can be as was discussed previously.

[0199] Similarly, corresponding to the second perspective,
there can also be provided a method for reducing the
occurrence of pop noise in an acoustic signal generated by
a transmitter in an electronic device, the electronic device
also comprising a first module, a second module, a mixer,
and a processing means, which method comprises:
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[0200] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0201] an ultrasonic signal from the second module;
and
[0202] an audio signal from the first module;
[0203] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0204] receiving, at the processing means, a second
instruction signal for terminating the ultrasonic signal
from the combined signal;

[0205] initiating, in response to the second instruction
signal, via the processing means a decrease in the
amount of said ultrasonic signal in the combined signal,
wherein

the amount of the ultrasonic signal is decreased from the
predetermined value to an essentially zero value over a
predetermined disable time-period.

[0206] As was discussed previously, the combined signal
in such case may comprise either a non-zero, amount of an
audio signal, or it may not comprise the audio signal (or a
zero amount of audio signal). However, the combined signal
comprises the ultrasonic signal when the second instruction
occurs, i.e., the predetermined amount of ultrasonic signal is
present in the combined signal.

[0207] Similarly, corresponding to the third perspective,
there can also be provided a method for reducing the
occurrence of pop noise in an acoustic signal generated by
a transmitter in an electronic device, the electronic device
also comprising a first module, a second module, a mixer,
and a processing means, which method comprises:

[0208] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0209] an ultrasonic signal from the second module;
and
[0210] an audio signal from the first module;
[0211] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0212] receiving, at the processing means, a third
instruction signal for terminating the audio signal in the
combined signal;

[0213] initiating, in response to the third instruction
signal, via the processing means a decrease in the
amount of said ultrasonic signal in the combined signal,
wherein
the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

[0214] terminating or removing, upon expiry of the
predetermined disable time-period, the audio signal
from the combined signal.

[0215] Similar as for the electronic device, in cases where
is required to resume the ultrasonic transmission after ramp-
ing down the amount of said ultrasonic signal in response to
the third instruction for interrupting the audio signal, the
method further comprises:

[0216] receiving, at the processing means, a fourth
instruction signal for resuming the transmission of the
ultrasonic signal in the combined signal;

[0217] initiating, in response to the fourth instruction
signal, an increase in the amount of said ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal is increased from an
essentially zero value to a predetermined value over a
predetermined re-enable time-period.
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[0218] Similarly, corresponding to the fourth perspective,
for replacing the ultrasonic signal by a second ultrasonic
signal, there can be provided a method for reducing the
occurrence of pop noise in an acoustic signal generated by
a transmitter in an electronic device, the electronic device
also comprising a first module, a second module, a third
module, a mixer, and a processing means, which method

comprises:
[0219] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0220] an ultrasonic signal from the second module;
[0221] an audio signal from the first module; and
[0222] a second ultrasonic signal from the third mod-
ule;
[0223] generating, using the transmitter, the acoustic

signal dependent upon the combined signal:

[0224] receiving, at the processing means, a fifth
instruction for replacing the ultrasonic signal with a
second ultrasonic signal in the combined signal;

[0225] (initiating, in response to the fifth instruction, via
the processing unit a decrease in the amount of the
ultrasonic signal in the combined signal, wherein

the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

[0226] initiating, essentially simultaneously to initiating
the decrease in the amount of the ultrasonic signal, an
increase in the amount of the second ultrasonic signal
in the combined signal via the second ultrasonic output,
wherein

the amount of the second ultrasonic signal is increased from
an essentially zero value to a predetermined second value
over a predetermined replace time-period.

[0227] The transmitter and the receiver may be separate
devices, such as a speaker and a microphone, or they may
even be the same device configured to operate as transmitter
and receiver at different times. For example, a transducer
may be configured to operate as a transmitter for transmit-
ting an ultrasonic signal in a transmit mode, and the same
transducer may be configured to operate as a receiver for
receiving a reflection or echo of the ultrasonic signal in a
receive mode. In some cases, the electronic device may
comprise a plurality of transmitters and/or receivers. The
plurality may comprise non-equal number of transmitters
and receivers, for example, the device in certain cases
comprise two transmitters and one receivers. The number of
transmitters and/or receivers is non-limiting to the scope or
generality of this disclosure.

[0228] The plurality of transmitters and/or a plurality of
receivers may be used to generate multiple transmitter-
receiver combinations for ultrasonic processing, Multiple
transmitter-receiver combinations may be used to extract
spatial information related to the object and/or surroundings.
[0229] As previously discussed, the processing means is a
computer or data processor such as a microprocessor or
microcontroller, DSP, application specific integrated circuit
(“ASIC”), FPGA or any such device. The processing unit
may be a combination of different hardware components or
modules. In some cases, the processing means may essen-
tially be a sub-routine running on a processor.

[0230] In some cases, the processing means may also
include a machine learning module for improving the accu-
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racy of ultrasonic processing over use cases of the electronic
device. The processing unit may further include an artificial
intelligence (“AI”’) module.

[0231] The electronic device may be any device, mobile or
stationary. Accordingly, devices such as mobile phones,
tablets, voice assistants, smart speakers, notebook comput-
ers, desktop computers, soundbars, home theater units, fit-
ness trackers, smartwatches and similar devices fall within
the ambit of the term electronic device. More generally, any
devices that comprise audio components that are configured
for ultrasonic transmission fall within the ambit of the term.
[0232] The processing of the echo signal may be based on
time of flight (“TOF”’) measurements between the transmit-
ted ultrasonic signal and the corresponding echo The pro-
cessing of the echo signals may also be based on the
amplitude of the measured signal, or phase difference
between the transmitted signal arid the measured signal, or
the frequency difference between the transmitted signal and
the measured signal, or a combination thereof. The trans-
mitted ultrasonic signal may comprise either a single fre-
quency or a plurality of frequencies. In another embodiment,
the transmitted ultrasonic signal may comprise chirps.
[0233] Viewed from yet another perspective, the present
teachings can also provide a computer software product for
implementing any method steps disclosed herein when run
on the processing means or a suitable processor. Accord-
ingly, the present teachings also relate to a computer read-
able program code having specific capabilities for executing
any method steps herein disclosed. In other words, the
present teachings relate also to a computer readable medium,
such as a non-transitory medium, storing a program causing
the electronic device to execute any method steps herein
disclosed.

[0234] For example, corresponding to the first perspective,
there can also be provided a computer software product
comprising instructions that, when executed by a suitable
processing means or processor, cause the processing means
to:

[0235] control generation of a combined signal using a
mixer; the combined signal being generated dependent
upon:

[0236] an ultrasonic signal from a second module;
and
[0237] an audio signal from a first module;
[0238] control, using a transmitter, generation of an

acoustic signal dependent upon the combined signal;

[0239] receive a first instruction signal for initiating the
ultrasonic signal in the combined signal;

[0240] initiate, in response to the first instruction signal,
an increase in the amount of said ultrasonic signal in the
combined signal, wherein

the amount of the ultrasonic signal in the combined signal is
increased from an essentially zero value to the predeter-
mined value over a predetermined enable time-period.
[0241] Similarly, corresponding to the second perspective,
there can also be provided a computer software product
comprising instructions that, when executed by a suitable
processing means, cause the processing means to:

[0242] control generation a combined signal using the
mixer; the combined signal being generated being
dependent upon:

[0243] an ultrasonic signal from a second module;
and
[0244] an audio signal from a first module;
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[0245] control, using a transmitter, generation of an
acoustic signal dependent upon the combined signal;
[0246] receive a second instruction signal for terminat-
ing the ultrasonic signal in the combined signal;
[0247] 1initiate, in response to the second instruction
signal, a decrease in the amount of said ultrasonic
signal in the combined signal, wherein
the amount of the ultrasonic signal in the combined signal is
decreased from the predetermined value to an essentially
zero value over a predetermined disable time-period.
[0248] Similarly, corresponding to the third perspective,
there can also be provided a computer software product
comprising instructions that, when executed by a suitable
processing means, cause the processing means to:

[0249] control generation of a combined signal using a
mixer; the combined signal being generated dependent
upon:

[0250] an ultrasonic signal from a second module:
and
[0251] an audio signal from a first module;
[0252] control, using a transmitter, generation of an

acoustic signal dependent upon the combined signal;

[0253] receive a third instruction signal for terminating
the audio signal in the combined signal;

[0254] initiate, in response to the third instruction sig-
nal, a decrease in the amount of said ultrasonic signal
in the combined signal, wherein
the amount of the ultrasonic signal is decreased from
the predetermined value to an essentially zero value
over a predetermined disable time-period; and

[0255] terminate or remove, upon expiry of the prede-
termined disable time-period, the audio signal in the
combined signal.

[0256] Similarly, for resuming the ultrasonic transmission
after ramping down the amount of said ultrasonic signal in
response to the third instruction for interrupting the audio
signal, the processing means is further caused to:

[0257] receive a fourth instruction signal for resuming
the transmission of the ultrasonic signal in the com-
bined signal;

[0258] initiate, in response to the fourth instruction
signal, an increase in the amount of said ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal is increased from an
essentially zero value to a predetermined value over a
predetermined re-enable time-period.

[0259] Similarly, corresponding to the fourth perspective,
for replacing the ultrasonic signal by a second ultrasonic
signal, there can also be provided a computer software
product comprising instructions that, when executed by a
suitable processing means, cause the processing means to:

[0260] control generation of a combined signal using
the mixer; the combined signal being generated depen-
dent upon:

[0261] an ultrasonic signal from a second module;

[0262] an audio signal from a first module; and

[0263] a second ultrasonic signal from a third mod-
ule;

[0264] control, using a transmitter, generation of an
acoustic signal dependent upon the combined signal;

[0265] receive a fifth instruction for replacing the ultra-
sonic signal with a second ultrasonic signal in the
combined signal;
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[0266] initiate, in response to the fifth instruction, a
decrease in the amount of the ultrasonic signal in the
combined signal, wherein
the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

[0267] initiate, essentially simultaneously to initiating
the decrease in the amount of the ultrasonic signal, an
increase in the amount of the second ultrasonic signal
in the combined signal, wherein

the amount of the second ultrasonic signal is increased from
an essentially zero value to a predetermined second value
over a predetermined replace time-period.

[0268] Example embodiments are described hereinafter
with reference to the accompanying drawings. Drawings
may not necessarily be drawn to scale, without that affecting
the scope of generality of the present teachings.

BRIEF DESCRIPTION OF DRAWINGS

[0269] FIG. 1 shows an electronic device as a smartphone
[0270] FIG. 2 shows a flow-chart for enabling the ultra-
sonic signal
[0271] FIG. 3 shows a flow-chart for disabling the ultra-
sonic signal
[0272] FIG. 4 shown a flow-chart for disabling the audio

signal from the combined signal comprising non-zero ultra-
sonic signal

[0273] FIG. 5 shows a flow-chart for replacing the ultra-
sonic signal
[0274] FIG. 6 shows a plot of an ultrasonic signal with a

constant amplitude
[0275] FIG. 7 shows a plot of an ultrasonic signal with an
enable time-period
[0276] FIG. 8 shows a plot of an ultrasonic signal with a
disable time-period

DETAILED DESCRIPTION

[0277] FIG. 1 shows an example of the electronic device
100. The electronic device 100 is shown as a mobile phone
or a smartphone comprising a screen 101 for touch-based
interaction with the phone 100. The phone 100 comprises an
earpiece speaker 102 that can also be used as an ultrasonic
transmitter, and a microphone 103 that can also be used as
an ultrasonic receiver. The usual function of the earpiece
speaker 102 is to generate an audible acoustic signal. The
audible acoustic signal can for example, be an audio file
played by the user of the phone 100, a voice of the caller to
the phone 100, or even a ringtone. When the speaker 102 is
used for ultrasonic touchless interaction, the speaker 102 is
used to generate an acoustic signal that comprises an ultra-
sonic component or ultrasound, The acoustic signal in that
case may or may not comprise an audio component. It will
depend upon the state or use case of the phone 100, for
example, whether an audio file is played through the speaker
102, or if the phone 100 is ringing or is in a call while the
ultrasonic signal is being generated. In such cases, when an
audio signal is present, a combined signal generated by a
mixer in the phone 100 will have both a non-zero audio
signal and a non-zero ultrasonic signal. The speaker 100
generating an acoustic signal dependent on the combined
signal will thus have both an audio component and an
ultrasonic component. Accordingly, the device 100 com-
prises a first module for generating the audio signal, and a
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second module for generating the ultrasonic signal. The
mixer is used to generate the combined signal that may
comprise either or both of: the audio signal, and the ultra-
sonic signal. The combined signal is then used for generat-
ing the acoustic signal through the speaker 102. In other
words, the combined signal may be generated by the mixer
by using signals at an audio output and at an ultrasonic
output. Said outputs may either be a respective part of the
first module and the second module, or they may be a part
of the mixer itself. It will be understood that the combined
signal may be generated by selecting appropriately, one or
both of the audio signal and the ultrasonic signal either at
their respective modules or from within the mixer. The
phone 100 further comprises a processing means in the form
of a computer processor.

[0278] Optionally, the phone 100 may also comprise a
plurality of transmitters and/or receivers. The plurality of
transmitters may be equal or unequal to the plurality of
receivers. In the phone 100 shown as an example, another
microphone 104 is shown on the top side of the phone 100.
Also, a pair 105 of stereophonic speakers 105a and 1055 are
shown. it is also possible that at least one of the transmitters
and receivers is an acoustic transducer, i.e., the transducer is
capable of working both as a transmitter and a receiver at
different times.

[0279] FIG. 2 shows a flow-chart 200 representing an
implementation of the first perspective, i.e., the case when
an ultrasonic transmission is to be initiated from the receiver
102. At start 201 of the method, in step 202, a first instruc-
tion for initiating the generation of the ultrasonic signal is
received by the processing means. By generation, here it is
meant that first instruction relates to an inclusion of the
ultrasonic signal in the combined signal. By saying initiat-
ing, it will be clear that the ultrasonic signal is absent from
the combined signal prior to the first instruction. It will
further be appreciated that the combined signal may itself be
absent provided the audio signal is not present either. If
audio signal is absent, the combined signal may need to be
generated based on the ultrasonic signal alone. In either
case, i.e., the audio signal being present or not, an inclusion
or initiation of the ultrasonic signal in the combined signal
may cause pop- or click-noise in the acoustic signal. To
alleviate this, in step 203, the ultrasonic signal is enabled in
the combined signal along with an application of a function.
Accordingly, the value of the ultrasonic signal in the com-
bined signal is gradually increased, from an essentially zero
value to a predetermined value or desired value, over a
predetermined enable time-period. In step 204, the com-
bined signal is used to generate the acoustic signal via the
transmitter 102. The function may be a ramp function or any
other function that increases the ultrasonic signal gradually
within the predetermined enabled time-period, such that the
pop- or click-noise in the acoustic signal is at least substan-
tially reduced due to the initiation of the ultrasonic signal. In
the end 205, the combined signal comprises the predeter-
mined amount of the ultrasonic signal. The process may
either end at 205, or it may be followed by another routine.
An optional step 206 is also shown, which checks whether
the audio signal is present. If the audio signal is present, in
step 203, the combined signal is generated either with or
without the ultrasonic signal dependent upon whether the
first instruction is received or not. If the first instruction is
not received, in step 203, the combined signal will be
generated based on the audio signal, and without the ultra-
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sonic signal. As it was discussed previously, the amount of
signal may refer to any parameter such as: amplitude, power
or p-p value of the respective signal, either instantaneous or
averaged over a given time or cycles.

[0280] FIG. 3 shows a flow-chart 300 representing an
implementation of the second perspective, i.e., the case
when an ultrasonic transmission is to be terminated from the
receiver 102. At the start 301 of the method, the combined
signal comprises a predetermined amount of ultrasonic
signal. It will be appreciated that in practice, the start 301
may following the step 205. In step 302, a second instruction
for terminating the generation of the ultrasonic signal is
received. It will be clear that in this case, that in the start the
combined signal comprises a non-zero amount of the ultra-
sonic signal. By termination, it will be understood that it is
desired to essentially remove the ultrasonic signal from the
combined signal In response to the second instruction, in
step 303, the processing means proceeds to decrease the
amount of the ultrasonic signal from the predetermined
value to an essentially zero value to over a predetermined
disable time-period. The decrease may be initiated by apply-
ing of a function to the ultrasonic signal. The function may
be similar, but inverse of the type of function as discussed
in context of FIG. 2. In this case, for example, the function
may be a downward ramp or a ramp with a decreasing slope.
An optional step 304 is also shown which represents if the
audio signal is present in the combined signal. It the audio
signal is present, upon the expiry of the predetermined
disable time-period, the combined signal comprises the
audio signal, but not the ultrasonic signal. If, however, the
audio signal is absent or is disabled, in step 305 the
combined signal may also be ceased, and the process ended
306.

[0281] FIG. 4 shows a flow-chart 400 representing an
implementation of the third perspective, i.e., the case when
terminating the audio signal from the combined signal. At
the start 401 of the method, which also in this case may be
following the step 205, the combined signal comprises
non-zero amounts of both the audio signal and the ultrasonic
signal. The amount of the ultrasonic signal at start is at a
predetermined value. In step 402, a third instruction is
received by the processing means for terminating or remov-
ing the audio signal from the combined signal. In response
to the third instruction, in step 403, the processing means
initiates a decrease in the amount of the ultrasonic signal in
the combined signal. It may be recognized for example that
flowchart 300 may be applied here for implementing the
decrease. The ultrasonic signal is thus decreased from the
predetermined value to an essentially zero value over the
predetermined disable time-period. The combined signal
thus eventually 404 is removed of the ultrasonic signal, In
step 405, which is shown separately just for explanation, it
is shown that it is checked if the predetermined disable
time-period has expired. When the predetermined disable
time-period is expired, i.e., the ultrasonic signal is removed
from the combined signal, in step 406, the audio signal is
also removed from the combined signal, and the process
may end 407. It will be appreciated that if it desired, after the
removal of the audio signal, to resume the ultrasonic trans-
mission, the method similar to the first perspective or flow
chart 200 may be applied for resuming the ultrasonic signal.
[0282] FIG. 5 shows a flow-chart 500 representing an
implementation of the fourth perspective, i.e., the case when
replacing the ultrasonic signal, by a second ultrasonic signal,
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in the combined signal, or changing the gain of the ultra-
sonic signal. At the start 501 of the method, the combined
signal comprises a predetermined value of the ultrasonic
signal. The audio signal may or may not be present in the
combined signal. Here also, the start may represent a state
similar to the step 205 with ultrasonic signal present. In step
502 a fifth instruction is received by the processing means
for replacing the ultrasonic signal a second ultrasonic signal
of a predetermined second value. In step 503, the processing
means then proceeds to decrease the amount of the ultra-
sonic signal from the predetermined value to an essentially
zero value over a predetermined disable time-period.
Although shown after the step 503, in step 504, the pro-
cessing means essentially simultaneously to initialing the
decrease in the ultrasonic signal, also starts to increase the
amount of the second ultrasonic signal in the combined
signal from an essentially zero value to a predetermined
second value. The second ultrasonic signal is thus increased
from essentially zero value to the predetermined second
value over a predetermined replace time-period. The prede-
termined disable time-period may be equal or unequal to the
predetermined replace time-period. At the expiry of the
predetermined replace time-period and the predetermined
disable time-period, in step 505, the combined signal thus
comprises the second ultrasonic signal, while the ultrasonic
signal is removed from the combined signal. The process
may thus end 506, where for example, the ultrasonic touch-
less interaction sensing may be resumed based on the second
ultrasonic signal. The sensing may have been suspended at
or before the start of the decrease. Processing time may thus
be saved and a quicker replacement of the transmit signal
may be achieved,

[0283] FIG. 6 shows a plot 600 of a portion of an ultra-
sonic signal 601 that has a given amplitude value 602 and
peak-to-peak (“p-p”) value 603. The numbers on the X-axis
610 and Y-axis 620 are for illustration only, but the X-axis
represents time and the Y-axis represents a normalized
amplitude. If such a signal 601 is applied to and/or removed
from audio components, i.e., by including and/or terminat-
ing it in the combined signal, pop- or click-noise may occur
in the acoustic signal, which is not desirable.

[0284] FIG. 7 shows a plot 700 of at least an initial portion
of an ultrasonic signal 701 pursuant to the present teachings.
When initiating the ultrasonic signal 701, for example, in
response to the first instruction, the amount of signal 701 is
increased over the predetermined enable time-period 720. In
this case the increase is shown implemented using a ramp
722. As it will be appreciated, this may be achieved for
example by applying a ramp function to the signal 601 at its
start. Subsequent to the expiry of the predetermined enable
time-period 720, the initiated signal 701 can be identical to
the signal 601, thus both signals may have similar amplitude
602, and here also p-p value 603. As it will be obvious, the
ultrasonic signal 701 being an electrical signal may be
represented as a voltage, current, or even power. The amount
of signal may be specified as an amplitude value, p-p value
or such. As can be seen in FIG, 7, the amplitude value of the
signal 701 is increased from essentially a zero value to a
predetermined value 602 over the time-period 720 of the
ramp. Similarly, it may here also be said that the p-p value
of the signal 701 is increased from essentially a zero value
to a predetermined value 603 over the time-period 720 of the
ramp.
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[0285] FIG. 7 shows another plot 800 of a final portion of
an ultrasonic signal 801 being terminated pursuant to the
present teachings. When terminating the ultrasonic signal
801, for example, in response to the second instruction, the
amount of signal 801 is decreased over the predetermined
disable time-period 820. In this case the decrease is shown
implemented using a ramp 822. As it will be appreciated,
this may be achieved for example by applying a ramp
function to the signal 601 towards its end. Prior to the start
of the predetermined disable time-period 820, the terminated
signal 801 can be identical to the signal 601, thus both
signals may have similar amplitude 602, and here also p-p
value 603. As it will be obvious, the ultrasonic signal 801
being an electrical signal may be represented as a voltage,
current, or even power. The amount of signal may be
specified as an amplitude value, p-p value or such. As can be
seen in PG. 8, the amplitude value of the signal 801 is
decreased from essentially a predetermined value 602 to an
essentially zero value over the time-period 820 of the ramp
822. Similarly, it may here also be said that the p-p value of
the signal 801 is decreased from essentially a predetermined
value 603 to essentially a zero value over the time-period
820 of the ramp 822.

[0286] Various embodiments have been described above
for a method for reducing the occurrence of pop noise in an
acoustic signal generated by a transmitter in an electronic
device, a software product implementing such methods, and
for an electronic device configured to execute such a soft-
ware product. Those skilled in the art will understand,
however that changes and modifications may be made to
those examples without departing from the spirit and scope
of the following claims and their equivalents. It will further
be appreciated that aspects and features from any of the
method and product embodiments discussed herein may be
freely combined.

[0287] Thus, to summarize, the present teachings can
provide an electronic device comprising: a first module for
generating an audio signal; a second module configured to
generate an ultrasonic signal; a mixer for generating a
combined signal; a transmitter configured to output an
acoustic signal dependent upon the combined signal; and, a
processing means for controlling the ultrasonic signal:
wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined value over a predetermined enable time-
period. The present teachings also relate to an electronic
device configured to decrease the amount of the ultrasonic
signal in the combined signal from an essentially zero value
to a predetermined value over a predetermined disable
time-period, and to an electronic device configured to
remove the audio signal from the combined signal whilst
preventing pop-noise, and to an electronic device capable of
replacing the ultrasonic signal whilst minimizing the pro-
cessing time. The present teachings further relate to a
method for reducing the occurrence of pop noise in an
acoustic signal associated with: initiating the ultrasonic
signal in the combined signal, terminating the ultrasonic
signal in the combined signal, terminating the audio signal
in the combined signal, and replacing the ultrasonic signal in
the combined signal. The present teachings also relate to a
computer software product for implementing any of the
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method steps disclosed herein, and to a computer storage
medium storing the computer software herein disclosed.
[0288] Certain embodiments of the present teachings are
now summarized in the following clauses.

[0289] Clause 1.
[0290] An electronic device comprising:
[0291] a first module for generating an audio signal;
[0292] a second module for generating an ultrasonic
signal;
[0293] a mixer for generating a combined signal;
[0294] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,
[0295] a processing means for controlling the ultrasonic
signal;
wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined value over a predetermined enable time-
period.
[0296] Clause 2.
[0297] Electronic device according to clause 1, wherein in
response to receiving a second instruction signal for termi-
nating the ultrasonic signal, the processing means is con-
figured to decrease the amount of the ultrasonic signal in the
combined signal from the predetermined value to an essen-
tially zero value over a predetermined disable time-period,
[0298] Clause 3.
[0299] Electronic device according to clause 1, wherein, in
response to receiving a third instruction signal for terminat-
ing the audio signal, the processing means is configured to:
[0300] decrease the amount of the ultrasonic signal, in
the combined signal, from a predetermined value to an
essentially zero value over a predetermined disable
time-period; and
upon expiry of the predetermined disable time-period, ter-
minate or remove the audio signal from the combined signal.
[0301] Clause 4.
[0302] Electronic device according to clause 3, wherein in
response to receiving a fourth instruction signal for resum-
ing generation of the ultrasonic signal in the combined
signal, the processing means is further configured to:
[0303] increase the amount of said ultrasonic signal
from an essentially zero value to the predetermined
value over a re-enable time-period.

[0304] Clause 5.

[0305] Electronic device according to clause 1, wherein
the electronic device further comprises a third module for
generating a second ultrasonic signal and, wherein, in
response to receiving a fifth instruction signal for replacing
the ultrasonic signal, the processing means is configured to:
[0306] initiate a decrease in the amount of the ultrasonic
signal in the combined signal from the predetermined
value to an essentially zero value, the decrease being
executed over a predetermined disable time-period; and
[0307] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initiate
an increase in the amount of said second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to a predetermined second value over

a predetermined replace time-period.



US 2021/0408991 Al

[0308] Clause 6.
[0309] Electronic device according to clause 5, wherein
the electronic device also comprises a receiver for receiving
an echo of the combined signal being reflected by an object,
and the processing means is configured to analyze the echo,
and wherein the processing means is configured to:
[0310] interrupt analyzing the echo prior to initiating
the decrease in the amount of the ultrasonic signal; and
[0311] resume analyzing the echo after the expiry of the
replace time-period.

[0312] Clause 7.
[0313] An electronic device comprising:
[0314] a first module for generating an audio signal;
[0315] a second module for generating an ultrasonic
signal;
[0316] a mixer for generating a combined signal;
[0317] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,
[0318] a processing means for controlling the ultrasonic
signal;
wherein, in response to receiving a second instruction signal
for terminating the ultrasonic signal, the processing means is
configured to decrease the amount of the ultrasonic signal in
the combined signal from a predetermined value to an
essentially zero value to over a predetermined disable time-

period.
[0319] Clause 8.
[0320] An electronic device comprising:

[0321] a first module for generating an audio signal;

[0322] a second module for generating an ultrasonic
signal;

[0323] a mixer for generating a combined signal;

[0324] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,

[0325] a processing means for controlling the ultrasonic

signal;
wherein, in response to receiving a first instruction signal for
initiating the ultrasonic signal, the processing means is
configured to:

[0326] increase the amount of the ultrasonic signal in
the combined signal from an essentially zero value to a
predetermined enable value over a predetermined
enable time-period; and

in response to receiving a second instruction signal for
terminating the ultrasonic signal, the processing means is
configured to:

[0327] decrease the amount of the ultrasonic signal tram
a predetermined disable value to an essentially zero
value over a predetermined disable time-period.

[0328] Clause 9.
[0329] An electronic device comprising:
[0330] a first module for generating an audio signal;
[0331] a second module for generating an ultrasonic
signal;
[0332] a mixer for generating a combined signal;
[0333] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,

[0334] a processing means for controlling:
[0335] the ultrasonic signal; and
[0336] the audio signal;

wherein, in response to receiving a third instruction for
terminating the audio signal, the processing means is con-
figured to:
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[0337] decrease the amount of the ultrasonic signal, in
the combined signal, from a predetermined value to an
essentially zero value over a predetermined disable
time-period; and

[0338] upon expiry of the predetermined disable time-
period, terminate or remove the audio signal from the
combined signal.

[0339] Clause 10.
[0340] An electronic device comprising:
[0341] a first module for generating an audio signal;
[0342] a second module for generating an ultrasonic
signal;
[0343] athird module for generating a second ultrasonic
signal;
[0344] a mixer for generating a combined signal;
[0345] a transmitter for outputting an acoustic signal

dependent upon the combined signal; and,

0346] a processing means for controlling:
p £ £
[0347] the ultrasonic signal; and
[0348] the second ultrasonic signal;

wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal, the processing means is
configured to:

[0349] decrease in the amount of the ultrasonic signal in
the combined signal from a predetermined value to an
essentially zero value, the decrease being executed over
a predetermined disable time-period; and

[0350] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initiate
an increase in the amount of said second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
tially zero value to a predetermined second value over
a predetermined replace time-period,

[0351] Clause 11.
[0352] An electronic device comprising:
[0353] a first module for generating an audio signal;
[0354] a second module for generating an ultrasonic
signal;
[0355] athird module for generating a second ultrasonic
signal;
[0356] a mixer for generating a combined signal;
[0357] a transmitter for outputting an acoustic signal

dependent upon the combined signal;
[0358] a receiver for receiving an echo a e combined
signal being reflected by an object; and

[0359] a processing means for:
[0360] controlling the ultrasonic signal;
[0361] controlling second ultrasonic signal; and
[0362] analyzing the echo;

wherein, in response to receiving a fifth instruction for
replacing the ultrasonic signal of a predetermined value with
the second ultrasonic signal of a predetermined second
value, the processing means is configured to:

[0363] interrupt analyzing the echo;

[0364] initiate a decrease in the amount of the ultrasonic
signal from the predetermined value to an essentially
zero value, the decrease being executed over a prede-
termined disable time-period; and

[0365] essentially simultaneously to initiating the
decrease in the amount of said ultrasonic signal, initi-
ating an increase in the amount of the second ultrasonic
signal in the combined signal, said amount of said
second ultrasonic signal being increased from an essen-
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tially zero value to the predetermined second value
over a predetermined replace time-period; and
[0366] resume analyzing the echo after the expiry of the

replace time-period.
[0367] Clause 12.
[0368] Electronic device according to any of the above
clauses, wherein at least one of time-periods: the enable
time-period, the disable time-period, the re-enable time-
period, and the replace time-period, is in the range from
about 1 ms to around 500 ms.
[0369] Clause 13.
[0370] Electronic device according to clause 12, wherein
at least one of the time-periods is in the range from about 5
ms to about 50 ms.
[0371] Clause 14.
[0372] Electronic device according to clause 12 or 13,
wherein at least one of the time-periods is 5 ms or around 5
ms.
[0373] Clause 15.
[0374] Electronic device according to clause 12 or 13,
wherein at least one of the time-periods is 10 ms or around
10 ms.
[0375] Clause 16.
[0376] A method for reducing the occurrence of pop noise
in an acoustic signal generated by a transmitter in an
electronic device, the electronic device also comprising a
first module, a second module, a mixer, and a processing
means, which method comprises:

[0377] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0378] an ultrasonic signal from the second module;
and
[0379] an audio signal from the first module;
[0380] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0381] receiving, at the processing means, a first
instruction signal for initiating the ultrasonic signal in
the combined signal;

[0382] initiating, in response to the first instruction
signal, via the processing means an increase in the
amount of said ultrasonic signal in the combined signal,
wherein

the amount of the ultrasonic signal in the combined signal is
increased from an essentially zero value to the predeter-
mined value over a predetermined enable time-period.
[0383] Clause 17.

[0384] A method for reducing the occurrence of pop noise
in an acoustic signal generated by a transmitter in an
electronic device, the electronic device also comprising a
first module, a second module, a mixer, and a processing
means, which method comprises:

[0385] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0386] an ultrasonic signal from the second module;
and
[0387] an audio signal from the first module;
[0388] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0389] receiving, at the processing means, a second
instruction signal for terminating the ultrasonic signal
from the combined signal;
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[0390] initiating, in response to the second instruction
signal, via the processing means a decrease in the
amount of said ultrasonic signal in the combined signal,
wherein

the amount of the ultrasonic signal is decreased from the
predetermined value to an essentially zero value over a
predetermined disable time-period.

[0391] Clause 18.

[0392] A method for reducing the occurrence of pop noise
in an acoustic signal generated by a transmitter in an
electronic device, the electronic device also comprising a
first module, a second module, a mixer, and a processing
means, which method comprises:

[0393] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0394] an ultrasonic signal from the second module;
and
[0395] an audio signal from the first module;
[0396] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0397] receiving, at the processing means, a third
instruction signal for terminating the audio signal in the
combined signal;

[0398] initiating, in response to the third instruction
signal, via the processing means a decrease in the
amount of said ultrasonic signal in the combined signal,
wherein
the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

[0399] terminating or removing, upon expiry of the
predetermined disable time-period, the audio signal
from the combined signal.

[0400] Clause 19.
[0401] Method according to clause 18, wherein the
method further comprises:

[0402] receiving, at the processing means, a fourth
instruction signal for resuming the transmission of the
ultrasonic signal in the combined signal;

[0403] initiating, in response to the fourth instruction
signal, an increase in the amount of said ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal is increased from an
essentially zero value to a predetermined value over a
predetermined re-enable time-period.

[0404] Clause 20.

[0405] A method for reducing the occurrence of pop noise
in an acoustic signal generated by a transmitter in an
electronic device, the electronic device also comprising a
first module, a second module, a third module, a mixer, and
a processing means, which method comprises:

[0406] generating a combined signal using the mixer;
the combined signal being generated dependent upon:

[0407] an ultrasonic signal from the second module;
[0408] an audio signal from the first module; and
[0409] a second ultrasonic signal from the third mod-
ule;
[0410] generating, using the transmitter, the acoustic

signal dependent upon the combined signal;

[0411] receiving, at the processing means, a fifth
instruction for replacing the ultrasonic signal with a
second ultrasonic signal in the combined signal;
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[0412] initiating, in response to the fifth instruction, via
the processing unit a decrease in the amount of the
ultrasonic signal in the combined signal, wherein
the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

[0413] initiating, essentially simultaneously to initiating
the decrease in the amount of the ultrasonic signal, an
increase in the amount of the second ultrasonic signal
in the combined signal via the second ultrasonic output,
wherein

the amount of the second ultrasonic signal is increased from
an essentially zero value to a predetermined second value
over a predetermined replace time-period.

[0414] Clause 21.

[0415] A computer readable program code having specific
capabilities for executing the method according to any of the
clauses 16-20.

[0416] Clause 22.

[0417] A computer software product comprising instruc-
tions that, when executed by a suitable processing means,
cause the processing means to:

[0418] control generation of a combined signal using a
mixer; the combined signal being generated dependent
upon:

[0419] an ultrasonic signal from a second module;
and
[0420] an audio signal from a first module;
[0421] control, using a transmitter, generation of an

acoustic signal dependent upon the combined signal;

[0422] receive a first instruction signal for initiating the
ultrasonic signal in the combined signal;

[0423] initiate, in response to the first instruction signal,
an increase in the amount of said ultrasonic signal in the
combined signal, wherein

the amount of the ultrasonic signal in the combined signal is
increased from an essentially zero value to the predeter-
mined value over a predetermined enable time-period.
[0424] Clause 23.

[0425] A computer software product comprising instruc-
tions that, when executed by a suitable processing means,
cause the processing means to:

[0426] control generation a combined signal using the
mixer; the combined signal being generated being
dependent upon;

[0427] an ultrasonic signal from a second module;
and
[0428] an audio signal from a first module;
[0429] control, using a transmitter, generation of an

acoustic signal dependent upon the combined signal;
[0430] receive a second instruction signal for terminat-
ing the ultrasonic signal in the combined signal;
[0431] initiate, in response to the second instruction
signal, a decrease in the amount of said ultrasonic
signal in the combined signal, wherein
the amount of the ultrasonic signal in the combined signal is
decreased from the predetermined value to an essentially
zero value over a predetermined disable time-period.
[0432] Clause 24.
[0433] A computer software product comprising instruc-
tions that, when executed by a suitable processing means,
cause the processing means to:
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[0434] control generation of a combined signal using a
mixer; the combined signal being generated dependent
upon:
[0435]

and
[0436] an audio signal from a first module;

[0437] control, using a transmitter, generation of an
acoustic signal dependent upon the combined signal;
[0438] receive a third instruction signal for terminating

the audio signal in the combined signal;

[0439] initiate, in response to the third instruction sig-
nal, a decrease in the amount of said ultrasonic signal
in the combined signal, wherein

an ultrasonic signal from a second module;

the amount of the ultrasonic signal is decreased from
the predetermined value to an essentially zero value
over a predetermined disable time-period; and

[0440] terminate or remove, upon expiry of the prede-
termined disable time-period, the audio signal in the
combined signal.

[0441] Clause 25.
[0442] The computer software product of clause 24,
wherein the processing means is further caused to:

[0443] receive a fourth instruction signal for resuming
the transmission of the ultrasonic signal in the com-
bined signal;

[0444] initiate, in response to the fourth instruction
signal, an increase in the amount of said ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal is increased from an
essentially zero value to a predetermined value over a
predetermined re-enable time-period.

[0445] Clause 26.

[0446] A computer software product comprising instruc-
tions that, when executed by a suitable processing means,
cause the processing means to:

[0447] control generation of a combined signal using
the mixer; the combined signal being generated depen-
dent upon:

[0448]
[0449]
[0450]

ule;

[0451] control, using a transmitter, generation of an
acoustic signal dependent upon the combined signal;

[0452] receive a fifth instruction for replacing the ultra-
sonic signal with a second ultrasonic signal in the
combined signal;

[0453] initiate, in response to the fifth instruction, a
decrease in the amount of the ultrasonic signal in the
combined signal, wherein

an ultrasonic signal from a second module;
an audio signal from a first module; and
a second ultrasonic signal from a third mod-

the amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and
[0454] initiate, essentially simultaneously to initiating
the decrease in the amount of the ultrasonic signal, an
increase in the amount of the second ultrasonic signal
in the combined signal, wherein
the amount of the second ultrasonic signal is increased from
an essentially zero value to a predetermined second value
over a predetermined replace time-period.
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[0455] Clause 27.
[0456] A computer readable medium storing the computer
software according to any of the clauses 21-26.

1-15. (canceled)

16. A method for reducing the occurrence of pop noise in
an acoustic signal generated by a transmitter in an electronic
device, the electronic device comprising a first module, a
second module, a mixer, and a processor, the method com-
prising:

generating a combined signal using the mixer; the com-

bined signal being generated dependent upon:
an ultrasonic signal from the second module; and
an audio signal from the first module;

generating, using the transmitter, the acoustic signal

dependent upon the combined signal;
receiving, at the processor, a first instruction signal for
initiating the ultrasonic signal in the combined signal;

initiating, in response to the first instruction signal, via the
processor an increase in the amount of the ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal in the combined signal

is increased from an essentially zero value to the
predetermined value over a predetermined enable time-
period.

17. A method for reducing the occurrence of pop noise in
an acoustic signal generated by a transmitter in an electronic
device, the electronic device comprising a first module, a
second module, a mixer, and a processor, the method com-
prising:

generating a combined signal using the mixer; the com-

bined signal being generated dependent upon:
an ultrasonic signal from the second module; and
an audio signal from the first module;

generating, using the transmitter, the acoustic signal

dependent upon the combined signal;

receiving, at the processor, a second instruction signal for

terminating the ultrasonic signal from the combined
signal;

initiating, in response to the second instruction signal, via

the processor a decrease in the amount of the ultrasonic
signal in the combined signal, wherein

the amount of the ultrasonic signal is decreased from the

predetermined value to an essentially zero value over a
predetermined disable time-period.

18. A method for reducing the occurrence of pop noise in
an acoustic signal generated by a transmitter in an electronic
device, the electronic device comprising a first module, a
second module, a mixer, and a processor, the method com-
prising:

generating a combined signal using the mixer; the com-

bined signal being generated dependent upon:
an ultrasonic signal from the second module; and
an audio signal from the first module;

generating, using the transmitter, the acoustic signal

dependent upon the combined signal;

receiving, at the processor, a third instruction signal for

terminating the audio signal in the combined signal;
initiating, in response to the third instruction signal, via

the processor a decrease in the amount of the ultrasonic

signal in the combined signal, wherein

the amount of the ultrasonic signal is decreased from a

predetermined value to an essentially zero value over a

predetermined disable time-period; and
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terminating or removing, upon expiry of the predeter-
mined disable time-period, the audio signal from the
combined signal.

19. The method according to claim 18, wherein the
method further comprises:

receiving, at the processor, a fourth instruction signal for

resuming the transmission of the ultrasonic signal in the
combined signal;

initiating, in response to the fourth instruction signal, an

increase in the amount of the ultrasonic signal in the
combined signal, wherein

the amount of the ultrasonic signal is increased from an

essentially zero value to a predetermined value over a
predetermined re-enable time-period.

20. A method for reducing the occurrence of pop noise in
an acoustic signal generated by a transmitter in an electronic
device, the electronic device comprising a first module, a
second module, a third module, a mixer, and a processor, the
method comprising:

generating a combined signal using the mixer; the com-

bined signal being generated dependent upon:

an ultrasonic signal from the second module;

an audio signal from the first module; and

a second ultrasonic signal from the third module;
generating, using the transmitter, the acoustic signal

dependent upon the combined signal;

receiving, at the processor, a fifth instruction for replacing

the ultrasonic signal with a second ultrasonic signal in
the combined signal;

initiating, in response to the fifth instruction, via the

processing unit a decrease in the amount of the ultra-
sonic signal in the combined signal, wherein the
amount of the ultrasonic signal is decreased from a
predetermined value to an essentially zero value over a
predetermined disable time-period; and

initiating, essentially simultaneously to initiating the

decrease in the amount of the ultrasonic signal, an
increase in the amount of the second ultrasonic signal
in the combined signal via the second ultrasonic output,
wherein the amount of the second ultrasonic signal is
increased from an essentially zero value to a predeter-
mined second value over a predetermined replace time-
period.

21. (canceled)

22. A computer-program product comprising a computer-
usable medium having computer-readable program code
embodied therein, the computer-readable program code
adapted to be executed to implement the method of claim 16.

23. A computer-program product comprising a computer-
usable medium having computer-readable program code
embodied therein, the computer-readable program code
adapted to be executed to implement the method of claim 17.

24. A computer-program product comprising a computer-
usable medium having computer-readable program code
embodied therein, the computer-readable program code
adapted to be executed to implement the method of claim 18.

25. The computer-program product of claim 24, wherein
the processor is further caused to:

receive a fourth instruction signal for resuming the trans-

mission of the ultrasonic signal in the combined signal;
and

initiate, in response to the fourth instruction signal, an

increase in the amount of the ultrasonic signal in the
combined signal, wherein the amount of the ultrasonic
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signal is increased from an essentially zero value to a
predetermined value over a predetermined re-enable
time-period.

26. A computer-program product comprising a computer-
usable medium having computer-readable program code
embodied therein, the computer-readable program code
adapted to be executed to implement the method of claim 20.

27. (canceled)



