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In a display device (10) resembling a bottle and having elec-
troluminescent display segments (12) resembling a spectrum
analyser in the place of a label, the display segments are
arranged to produce different display effects in response to
differing sound levels as detected by a microphone (30). A
control circuit (20) for the display segments detects an aver-

Nov. 11,2010 (GB) .covvervreccireccrcnerennee 1019077.5 age sound level and adjusts the power supplied to the micro-
Publication Classification phone in response thereto. The power supply adjustment
employs a pulse width modulation technique, the duty cycle
(51) Imt.CL of which is varied in response to an average sound signal,
G09G 3/30 (2006.01) averaged over a predetermined time period.
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ELECTRONIC DISPLAY DEVICE

[0001] The present invention relates to an electronic dis-
play device and in particular to a device for producing a
display in response to an acoustic signal, e.g. in the manner of
a spectrum-analyser device. The invention also relates to a
method of operating such a device.

[0002] A known sound-responsive device, which has been
incorporated in a shirt for example, has an electroluminescent
display. The device has a circuit which comprises a micro-
phone, and a microphone amplifier. The level of the signal
output from this section may be controlled by providing a
potentiometer which may vary the gain of the amplifier cir-
cuit. This is provided to allow manual adjustment so the
resulting display is not all constantly on (over-sensitive) or
mostly off (insensitive).

[0003] The circuit further comprises a level comparator
section which receives its signal directly from the micro-
phone amplifier. This is commonly a dedicated IC with 5
comparator outputs, or a circuit built around a collection of
standard comparators. As the incoming signal increases, each
output is switched on in a ladder fashion. Where a dedicated
ICisused, such as the KA2284, the level steps are fixed at =10
dB,-5dB,0dB, +3 dB and +6 dB. This IC is designed for VU
meters for audio level indication. There are many variations
on comparator based VU meter circuits.

[0004] The comparator outputs are used to switch on an
inverter circuit section which generates the high voltage and
frequency required to excite the phosphor in an electrolumi-
nescent display, and also to switch in different EL sections.
The inverter is commonly a transformer based inverter with a
tapped primary and a large number of winding on the second-
ary, with feedback. The first comparator level output is used to
activate this oscillator such that it is not running when the
audio threshold is too low. This saves power for battery pow-
ered applications.

[0005] The above described circuit has a number of disad-
vantages:
[0006] 1. The circuit must be manually adjusted to pro-

vide a resulting display of audio level which is within the
range of the display. Where audio levels are variable,
manual re-adjustment must be made each time to bring
the range of the display into an acceptable area. The
range of operation is very narrow and the circuit can go
out of range very easily and often. In an environment
where music is a primary entertainment source such
circuits are almost constantly out of range and in this
respect such circuits are ineffective.

[0007] 2. Adjusting the level by changing the base cur-
rent into a one-transistor amplifier changes the DC oper-
ating current of the circuit, the frequency response of
this amplifier and the DC operating point, and therefore
any attempt to have the transistor operate controllably is
lost by the re-adjustments being made to this circuitin an
attempt to change the gain of this circuit. This also
causes large offset voltage shifts to occur at the circuit
output which directly and instantly affect the final dis-
play. Momentary re-settling of the circuit follows any
re-adjustment by this method. Hence during any re-
adjustment by this method the circuit cannot perform its
intended function.

[0008] 3. The KA2284 IC, commonly used, has a high
current draw (up to 15 mA) and therefore reduces battery
life since it is running constantly.
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[0009] 4. The circuit must be manually switched off to
save power. If left on then battery drain may be greater
than desired and cause the batteries to become exhausted
prematurely. This may occur within 24 hours or less
running from 4* AAA type batteries, even when the
circuit is not creating any useful display.

[0010] 5. The KA2284 has fixed dB levels. These cannot
be changed. Implementing the alternative with a com-
parator based circuit allows flexibility in the design but
utilises a greater number of components. Commonly the
maximum number of comparators available in one IC is
four, so to have five stepped levels a minimum of two ICs
must be used, which may also leave some extra com-
parators unused. Some circuits have been observed as
ignoring this option and just using the four available
comparators with one IC, but this may reduce the effec-
tiveness of the display as it reduces its resolution.

[0011] Aspects of the present invention seek to overcome,
or at least reduce, one or more of the above disadvantages.
[0012] According to a first aspect of the present invention,
there is provided a method of producing a display in response
to incoming acoustic signals comprising feeding the output of
a sound transducer to control a circuit for controlling the
display in response to changes in the output, detecting the
average amplitude level of the output of the sound transducer
automatically and adjusting the power supplied to the sound
transducer to compensate for variations in amplitude of the
incoming sounds.

[0013] Preferably, the power supplied to the sound trans-
ducer is effected by a pulse width modulation technique, the
duty cycle of which is varied in response to an average sound
signal, averaged over a predetermined time period (e.g. two
seconds). A plurality of threshold sound levels may be set,
with a corresponding percentage change in the duty cycle
being effected in each case.

[0014] The above methods ensure that a suitable display
output is maintained throughout a wide range of incoming
acoustic signal levels.

[0015] Preferably, the method further comprises shutting
down the control circuit if no signal is detected for a period of
time. This enables power to be saved when thereis no display;
this is important for battery-powered devices. After shutting
down, a regular check is undertaken to see if there is a signal
and, if there is, the circuit is set into operation.

[0016] According to a second aspect of the present inven-
tion, there is provided a display device comprising a display
member having one or more display segments which are
arranged to produce different display effects in response to
differing sound levels, a sound transducer, and control cir-
cuitry arranged (i) to control the display segments in response
to incoming sound signals, and (i1) to detect an average sound
signal and to adjust the power supplied to the sound trans-
ducer in response thereto.

[0017] The control circuitry preferably includes a micro-
controller. The microcontroller is preferably configured to
control the power supply to the sound transducer using pulse
width modulation. It may be configured to set a plurality of
levels and, when the average signal level is above or below the
desired average, to effect a corresponding percentage change
in the duty cycle of the pulse width modulation.

[0018] Ina preferred device, the display segments have the
appearance of a spectrum analyser. The display segments are
preferably electroluminescent.
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[0019] The segments may be irregularly-shaped stepped
segments arranged one above the other but having the appear-
ance of a plurality of columns. This enables a relatively small
number of segments to imitate the plurality of adjacent col-
umns of a spectrum-analyser or graphic equaliser.

[0020] The device is preferably bottle-shaped, and the dis-
play segments resemble a label on the side of the bottle.
[0021] The sound transducer is preferably an electret con-
denser microphone.

[0022] A preferred embodiment of the present invention
will now be described, by way of example only, with refer-
ence to the accompanying drawings, of which:

[0023] FIG.1isa front view of a device in accordance with
an embodiment of the present invention,

[0024] FIG. 2 is a diagram of a circuit of the device of FIG.
1; and
[0025] FIGS. 3A and 3B together form a flow diagram

explaining the operation of the circuit of FIG. 2.

[0026] Referring to the drawings, FIG. 1 is a front view of
abottle-shaped display device 10 of plastics material with an
electroluminescent display device 12 having the appearance
of a label on the bottle. The device takes the form of what is
known in the drinks industry as a bottle “glorifier’.

[0027] Bottle glorifiers highlight empty dummy bottles ofa
brand in various ways and are used for promotional purposes
usually behind the bar for display purposes to attract attention
and influence buyer behaviour/ perceptions. The electrolumi-
nescent display device 12 is of the type disclosed in patent
application WO2010/055312.

[0028] The member 10 incorporates a plinth 14 which
accommodates a control circuit 20 and a power supply for the
device 12. Although plinth 14 has the appearance of being
separate from the bottle, it is preferably integral therewith.
The construction of the device 10 is such that the label on the
side of the bottle is connected via wires that run down the
inside surface of the bottle to the control plinth 14 below as
disclosed in European Patent Application 1636111A.

[0029] The plinth 14 incorporates a power supply switch
16, alow power indicating light 18 and a power socket 22 and
a microphone 30.

[0030] The device 12 is controlled by a circuit 20 which, in
response to incoming sounds, in particular music, detected by
the microphone 30, actuates display device 12 to produce a
display which resembles that of a spectrum-analyser or
graphic equaliser. The conversion of incoming sound to the
display is controlled by a microcontroller in the form of a
programmed chip 40, FIG. 2.

[0031] FIG. 2 shows an example of a control circuit 20
including an electret condenser microphone 30. Microphone
30 supplies a signal 42 via amplifier 44 to a circuit part in the
form of a microcontroller 40. Line 46 is a separate line for
supplying power to the amplifier. In conventional circuits, the
output of the microphone is regarded as a substantially uncon-
trollable signal, the level of which is altered within subse-
quent additional circuitry. On the contrary, in the present
circuit, the voltage fed to the electret condenser microphone
30 is changed, whilst normally keeping any series resistance
fixed, and herce, in effect, changing the power available to the
microphone on line 50. In this way, the corresponding sensi-
tivity level of the microphone can be altered over a large
dynamic range with respect to a fixed incoming acoustic
level. This makes it possible to change the level of signal
entering circuit 20 from the microphone 30 in a different way.
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[0032] APWM signal 50, generated either digitally or from
analogue circuitry, is converted into a DC voltage by using a
basic low pass 6 dB per octave passive filter 52, although
other filter types could also be employed. By changing the
duty cycle of the pulse width modulation, the power supplied
to the microphone is changed.

[0033] The fundamental frequency of the PWM is conve-
niently chosen to be above the audio range of interest so that
simple passive filtering can be used to reduce any PWM
superimposed on the microphone signal to a level which is not
significant for the application.

[0034] The main area of interest of audio signal in this
particular application is in the low frequency area below 500
Hz, as the circuit is required to respond to bass and rhythm
beats of music which mostly occur below 500 Hz. A PWM
frequency of 4 kHz is suitable for this application.

[0035] The display on the device 12 has the appearance of
a plurality of columns, e.g. seven, of varying height. In fact
the electroluminescent phosphor is arranged in a plurality of,
e.g. six, irregularly-shaped stepped segments arranged one
abovethe other. The segment corresponding to a first channel,
representing low signal levels, is arranged at the bottom of the
label. Successive segments corresponding to second to fifth
channels representing increasingly higher signal levels are
arranged above the first segment. The sixth segment com-
pletes the illumination of substantially the entire label to
resemble the effects of a fully-saturated signal.

[0036] Ithasbeen found that the illusion of a graphic equa-
liser/spectrum analyser using this stepped phosphor approach
has more visual impact than directly linking individual phos-
phor sections to specific audio frequencies e.g. bass, treble.

[0037] The microphone current, and hence the sensitivity
of the microphone 30, is controlled by applying a PWM
(pulse width modulated) signal to the microphone via a low
pass filter 52. The frequency of the PWM signal is kept above
the maximum desired audio frequency and the low pass filter
ensures that the PWM signal is converted substantially into a
DC voltage. Therefore, by varying the PWM signal from
between 100% to 10% duty (for example) the DC voltage to
the microphone is altered and hence the sensitivity of the
microphone can be controlled. This allows the microphone to
become more capable of handling high levels of sound pres-
sure level and also allows maximum sensitivity when
required. Any PWM signal superimposed on the audio signal
is reduced by the filtering to a level which is much lower than
the amplitude of any desired audio signal at maximum sen-
sitivity. The implementation of deliberate variation of this
PWM signal is further described below. The variation in
PWM is used to control the level adjustment of the circuit 20.
By implementing a PWM level control the frequency
response of the microphone is almost entirely unaffected
across the range of interest.

[0038] One of the main features of the device is to have the
EL display segments 12 representing a consistent dynamic
sound level even though the average sound level may vary
gradually depending on the particular environment. To imple-
ment this automatic gain control (AGC) feature, the micro-
controller (which is conveniently a Microchip PIC 16F616)is
configured to generate a variable duty cycle pulse width
modulation (PWM) signal which is used indirectly to adjust
the gain of the microphone sound level. The microcontroller
has a dedicated timer, TMR2 and associated logic configured
by the CCP1CON and T2CON registers which is used to
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generate the PWM signal. The firmware code sets the
CCPRIL register to adjust the duty cycle between 0 and
100%.

[0039] The PR2 register is set such that a 4 kHz PWM
frequency is generated.

[0040] Once the PWM generation has been established,
sound level readings may subsequently be acquired. The
sound level signal from the microphone is fed via amplifier 44
into the microcontroller’s analogue to digital converter
(ADC). This signal is essentially a raw alternating current
(AC) signal. A routine in the code finds the peak to peak
average value for 256 samples on ADC channel AN3. The
ADCONT register is configured for the quickest conversion
time. The ADCONO register is configured for an ADC voltage
reference set to Vdd, and with a right justified data conversion
format. An additional routine has been devised to simulate a
fast attack and a slower decay typical with most VU meters. It
is the value processed by the aforementioned functions that
are used to display the level to the EL display segments. A
routine in the code simulates a bar display driver. Digital
output ports are used to indirectly drive each of the EL display
segments using negative logic, via inverter 54.

[0041] Every two seconds, a further averaged sound level
(averaged over the two seconds) is used to adjust the PWM
duty cycle. For sound levels greater than +9 dB (as an internal
reference), the PWM duty cycle is reduced by 10%; greater
than +6 dB, the PWM cycle is reduced by 3%; less than -3 dB,
the PWM duty cycle is increased by 10%; and less than 0 dB,
the PWM duty cycle is increased by 3%.

[0042] The amplifier 44 is allowed a fixed DC operating
point which is optimised for this application. No variation on
this operating point is ever necessary as level control is imple-
mented with the PWM signal as described above.

[0043] The amplified audio signal is passed to an A to D
converter. This can be implemented within the microcontrol-
ler 40 such as a microchip PIC. The relative audio levels can
be chosen as desired from the internal digital signal and some
port outputs used to emulate comparator outputs. In this fash-
ion, the number of levels which can be used to control the EL
segments is only limited by the number of available port
outputs and the resolution of the A to D converter.

[0044] The total current draw of the above configuration
can be 2 mA or lower when idling. This is a significant
reduction in the 15 mA noted above. In a similar fashion, the
inverter circuit is activated only when required to retain this
power saving measure.

[0045] Other features may also now be easily implemented,
for example by using a built-in brown-out feature it is possible
to implement a low-battery indication. This section only
applies when the device is powered from batteries although
the same logic is executed if the device is configured for both
battery operation and mains operation. The microcontroller is
reset when the device’s battery voltage drops below the oper-
ating limits The brown out register (BOR) bit is checked
during initialization to detect whether the microcontroller
was reset due to the batteries being too low for reliable device
operation. In such a case the low battery LED is turned on for
35 ms every 2 seconds thus not drawing much power. One of
the digital output ports is used to drive the low battery indi-
cator LED using positive logic. A digital input port is used to
detect whether the device is currently mains or battery pow-
ered.

[0046] Further, it is now possible to have audio signal moni-
toring. Where the audio signal being sensed by the micro-
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phone has increased and this has placed or will place the
display outside, or partially outside, the desired display range,
the PWM may be adjusted one way or the other to bring the
display back into range, as described above. This therefore
eliminates the need for any manual intervention in this matter.
The rate of change in the PWM signal may also be controlled
to allow for a smooth slow adjustment or a more rapid adjust-
ment, as required. This allows the circuit to be used in areas
where the audio level is reasonably unpredictable, such as in
bars and nightclubs, as the circuit may be physically posi-
tioned in the most desirable position rather than being limited
to a position which is necessary for the circuit to function.
[0047] Where no signal is detected for a period of time it
now becomes possible to allow a circuit shutdown to save
power. The microphone and the microphone aniplifier can
both be shut off saving further power. A drain current of 10 LA
is achievable which could extend battery life for days, if not
weeks or longer. This eliminates the need to have someone
remember to switch the circuit off as this drain current is
reasonably insignificant. One of the digital output ports is
used to also disable the analogue hardware power when the
PIC is sleeping.

[0048] Where the unit is shutdown but operation is
required, a further feature may be implemented which regu-
larly wakes up the circuit for a short period of time, “listens”
for activity, and if there is none, shuts down again. This
feature therefore means that the circuit becomes automatic as
it will wake itself fully to operate when sound levels exist in
the area once more.

[0049] The microcontroller 40, when idle, is in its low
power sleep state. The microcontroller has the ability to be
taken out of its sleep state by the internal watch dog timer
which times out every 2.3 seconds. The time out (TO) bit is
checked during initialization to detect this periodic wakeup
event. Since the microcontroller’s random access memory
(RAM) is preserved during a reset, a variable is used to
effectively divide this period into a longer period of 1 minute.
As aresult of this, every 1 minute the device checks the level
of ambient sound, while consuming low average power. If
there is sufficient ambient sound the circuit 20 is set into its
working operation state.

[0050] Conversely, when there is little or no ambient sound
for a continuous period of 4 minutes the device is then taken
back into its sleep state. This check is performed only when
the device is in its working operation state.

[0051] An advantage of the plastics material of the device
10 is that it is easier to transport and easier to have the
electronic components attached thereto. The use of an actual
glass bottle would involve the risk of breakage. Other mate-
rial can be used for device 10, if desired.

[0052] In preferred embodiments, the device has the
appearance of incorporating an animated label that reacts to
the bass line in a music track, reacting in time to the music.
The circuit 20 is able to recalibrate itself as the volume level
varies i.e. it is able to adjust to the bass level at different
volume levels. This self-calibration means that no user inter-
vention is required when sound and music levels change.
[0053] Theadvantageous effects of the device are achieved
using a circuit that can automatically change the power to the
device’s audio detecting microphone, thereby directly chang-
ing the sensitivity of the microphone, thereby eliminating or
reducing the need to change the gain or attenuation of the
other circuitry. In this way the device is able to average out
broad ranges of sound levels so the EL level representation of
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the sound level is re-scaled, thereby keeping the audio level
representation within the available display limits of the EL
display. If that average sound level is above a present thresh-
old then the power to the microphone is reduced, thus reduc-
ing the output level from the microphone to the rest of the
control circuitry. Conversely if the averaged sound level is
below a preset threshold, then the device increases the power
to the microphone, thereby increasing the level from the
microphone to the rest of the control circuitry. This loop is
constantly updated to force the average output level from the
microphone to be within the range necessary to create a
correspondingly balanced response around a preset point on
the EL display.

[0054] If such averaging out of the sound level were not to
take place in an application where the circuit is being used to
control a piece of EL, or other display type, from an acoustic
source (as in the case of sound responsive EL that is com-
monly used on T-shirt displays), then as the volume level of
the input music varies, the EL can easily be either constantly
all on (over-sensitive) or mostly all off (insensitive). Clearly
as the sound levels in different bars and clubs can vary dra-
matically, this renders such circuit unsuitable because they
are not flexible enough to cope, without constant intervention,
with the varied acoustic levels present across different bar/
club environments.

[0055] When the voltage and current being fed to an electret
condenser microphone are kept low it becomes possible to
have the microphone able to receive higher acoustic signal
levels than might otherwise be possible if the microphone
power was constant, without having an overloaded or dis-
torted output signal from the microphone.

[0056] Conversely, by supplying a higher voltage and cur-
rent, it becomes possible to increase the useful output signal
level without having to increase the gain of an associated
amplifier which could result in also amplifying unwanted
noise. This method, therefore also allows an increase in the
signal to noise ratio without changing the gain of any associ-
ated amplifier.

[0057] This approach of using a control voltage to directly
supply the power to the microphone still allows a simple
closed loop system to be possible which enables the level
from the microphone to be controlled easily as part of an
automatic level control circuit.

[0058] The plinth 14 may be omitted and the power supply
and/or other circuitry may be located inside device 10 behind
the display device 12. In this arrangement, a self-contained
circuit, a power source and EL device are positioned in place
of a label.

[0059] In a modification of the device 10, an actual glass
bottle is used with holes being cut in the base and behind the
label to accommodate the writing and electronic components.
An alternative is to have a glass moulding configured to
already have holes which would allow connection wires to be
passed through to the interior of the bottle.

[0060] Ifdesiredamore precise graphic equaliser effectcan
be provided, so that the animated display on device 12 actu-
ally represents different frequency bands. This involves more
complex circuitry. It is also then dependent on the real audio
frequency spectrum reaching the microphone 30.

[0061] The animated label device 12 need not resemble a
graphic equaliser. It can be a logo, text or even a picture or
image that has different elements animated in time to music.
It can have a variety of shapes. It may not react to music, at
least not all of the time. Rather it can be animated to a series

Dec. 26, 2013

of pre- programmed instructions. Such an approach would be
useful for highlighting a series of different messages that
could for example scroll across a single bottle or a series of
bottles that are linked together. The animation could also be
triggered in a variety of other ways e.g. via vibration, wire-
lessly, motion, changes in light levels or via manual switch-
ing.

[0062] A separate electroluminescent display device 24
may provide a static display of a logo or other textual or
pictorial matter.

[0063] Instead of electroluminescent segments, other dis-
play elements may be used, e.g. LED segments.

[0064] The microcontroller 40 may be replaced by a dedi-
cated circuit, a specially made integrated circuit, or a collec-
tion of components interconnected to perform the required
functions.

[0065] The unit can run from mains or battery power and
automatically switches from batteries to mains input when it
detects a power cable has been plugged into socket 22 of the
unit. When running from batteries, low battery indicator light
18 begins flashing when battery power reaches a certain low
level threshold. Light 18 may function as both the low battery
indicator light and to indicate normal power.

[0066] As previously mentioned, the above-described com-
ponents can be attached to actual drinks bottles rather than
dummy glorifiers. An electroluminescent label can replace a
normal paper label on actual bottles in the same way as the
glorifier variant. Adhesively backed wires then run down the
outside of the bottle from the electroluminescent label and
wrap around the base of the bottle, connecting to an adhesive
flat pad that contains conductive strips. This arrangement
preferably takes the form of a single construction i.e. an
electroluminescent label connected by long wires to a con-
ductive pad with the entire arrangement being stuck as one
unit to bottles.

[0067] There can be positioned throughout a bar, base units
that contain the drive circuitry similar to the plinth 14. On the
top surface of the base units are a second set of conductive
contacts. These mate to the conductive strips on the base pad
of each bottle. When the bottles are placed on the base unit a
connection is made and the electroluminescent bottle label is
animated. The output signal from the base unit can animate
the bottle labels ina variety of ways, such as in time to the bass
line of music or through a series of pre-programmed
sequences.

[0068] In one modification, the base unit has a mechanism
for attaching itself to the bottle (e.g. via a rubber ring arrange-
ment). This has the advantage of allowing a connection to be
maintained between the bottle and the base unit even when
the bottle is picked up, thereby allowing the label to animate
when the bottle is poured. Then when the bottle becomes
empty, the bartender simply pulls the base unit off the empty
bottle base and pushes a fresh full bottle onto the base unit.
Such a device is disclosed in patent application GB 0921751.
4.

1. A method of producing a display in response to incoming
acoustic signals comprising feeding the output of a sound
transducer to control a circuit for controlling the display in
response to changes in the output, detecting the average
amplitude level of the output of the sound transducer and
automatically adjusting the power supplied to the sound
transducer to compensate for variations in amplitude of the
incoming sounds.
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2. A method according to claim 1, wherein the power
supplied to the sound transducer is effected by a pulse width
modulation technique, the duty cycle of which is varied in
response to an average sound signal, averaged over a prede-
termined time period.

3. A method according to claim 2, wherein a plurality of
threshold sound levels are set, with a corresponding percent-
age change in the duty cycle of the pulse width modulation
being effected in each case.

4. A method according to claim 1 comprising shutting
down the control circuit if no signal is detected for a period of
time.

5. A method according to claim 4, wherein, after shutting
down, a regular check is undertaken to see if there is a signal
and, if there is, the circuit is set into operation.

6. A display device comprising a display member having
one or more display segments which are arranged to produce
different display effects in response to differing sound levels,
a sound transducer, and control circuitry arranged (i) to con-
trol the display segments in response to incoming sound
signals, and (ii) to detect an average sound signal and to adjust
the power supplied to the sound transducer in response
thereto.

7. A display device according to claim 6, wherein the
control circuitry includes a circuit part which is configured to
control the power supply to the sound transducer using pulse
width modulation.
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8. A display device according to claim 7, wherein the
circuit part is configured to set a plurality of levels and, when
the average signal level is above or below the desired average,
to effect a corresponding percentage change in the duty cycle
of the pulse width modulation.

9. A display device according to claim 6 wherein the dis-
play segments have the appearance of a spectrum analyser.

10. A display device according to claim 6, wherein the
segments are irregularly-shaped stepped segments arranged
one above the other but having the appearance of a plurality of
columns.

11. A display device according to claim 6, wherein the
display segments are electroluminescent.

12. A display device according to claim 6, wherein the
sound transducer is an electret condenser microphone.

13. A display device according to claim 6, wherein the
device is bottle-shaped, and the display segments resemble a
label on the side of the bottle.

14. A display device according to claim 6, wherein the
control circuitry is configured to shut down in absence of
sound.

15. A display device according to claim 14, wherein the
control circuitry is configured to be set into operation in the
presence of sound.
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