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Description

[0001] The invention relates to a method for exciting a
body to vibrate, methods for producing a sound and an
apparatus.

[0002] Various technical applications require exciting
a body to vibrate. For example, in electric musical instru-
ments, such as electric pianos or electric guitars, there
is typically a physical body resonating at a certain fre-
quency upon actuation. The movement of the body is
typically detected and a corresponding signal is output
in order to produce a sound on the basis of the signal.
Typically, the body is actuated by mechanical means. In
the case of an electrical piano, for example, by means
ofahammer. In the case of an electric guitar, forexample,
by means of a musician’s fingers or a plectrum.

[0003] Another example of a technical application re-
quiring excitation of a body to vibrate is the field of haptic
feedback. Acommon realization of a haptic feedback unit
is a vibration motor comprising a rotational motor
equipped with an eccentric.

[0004] A drawbackinthe described applications is that
the vibration behavior of the body will largely depend on
its physical properties and may comprise undesired qual-
ities, such as decay of vibration or vibration at undesired
frequencies, modes and/or amplitude.

[0005] Itis an object of the invention to improve meth-
ods for exciting a body to vibrate, such that the quality of
vibration can be improved.

[0006] This objectis achieved by a method for exciting
abody to vibrate in accordance with claim 1. This method
comprises the steps: actuating the body to vibrate; de-
tecting a movement of the body during vibration of the
body; outputting a signal representing the movement of
the body; and controlling the vibration of the body on the
basis of the signal.

[0007] This method provides foran advantageous con-
trol over the vibration behavior of the body and, thus, for
a high degree of quality of vibration. The method essen-
tially employs a feedback control by detecting the actual
movement of the body and feeding back a signal repre-
senting this movement in order to control the vibration of
the body. The solution is rather simple and yet provides
for a wide range of vibration behaviors, which can be
achieved through this control.

[0008] In general, the body may be - in full or in part -
any kind of body, such as a solid body, a liquid body
and/or a gaseous body, such as air. In a preferable em-
bodiment, the body is a solid and/or rigid body. It can for
example be made of plastic, carbon, glass, wood and/or
metal, such as aluminum or a ferromagnetic metal, such
as steel, or a composite of at least two of the named
materials.

[0009] Before feeding back the signal, which repre-
sents the movement of the body, for example a signal
from a displacement sensor, various kinds of preproc-
essing steps can be performed on the signal. Some of
those kinds are described as examples below.
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[0010] In an embodiment, the body is vibrating in a
resonating state and/or the body is excited such that it
vibrates in a resonant state. The body may generally be
a resonating body or resonator. Resonant vibration pro-
vides for a highly selective frequency behavior of the vi-
brating body, which is especially useful in sound produc-
tion, for example. The vibration of the body may be solely
controlled for amplitude, while the frequency is essen-
tially maintained by the fact that the body is vibrating at
its resonant frequency. Also, this allows for a rather small
power input compared to the achievable amplitude.
[0011] According to a further embodiment, controlling
the vibration of the body includes controllingan amplitude
and/or a duration of the vibration of the body.

[0012] The vibration of the body may, for example, be
simply maintained, e.g. for a predetermined duration. Al-
ternatively or additionally, the vibration of the body may
be controlled such that the body vibrates with a prede-
termined vibration decay curve, preferably one which is
different from the "natural", i.e. uninfluenced, behavior.
In fact, any kind of amplitude behavior can be realized,
and especially in the context of musical instruments this
provides for a broad realm of creativity.

[0013] Both actuating and/or controlling the vibration
of the body can be performed by an actuator. The same
actuator or different actuators can be used for initially
actuating the body on the one hand and controlling the
vibration of the body on the other hand.

[0014] Asanactuator preferably a contactless actuator
can be used. However, a contacting actuator, such as a
hammer, may also be used and has its own advantages.
In an electric piano, for example, a traditional piano ham-
mer may be used in order to provide for a key feeling
similar to a real piano. In both an electric piano and an
electric guitar the initial sound when striking the vibrating
body may be differentthan the frequency at its resonating
state. This initial sound may be difficult to reproduce by
a contactless actuator, which is why the combination of
a contacting initial actuation and a contactless actuation
for controlling the vibration over time may be particularly
advantageous.

[0015] In general, the body may, for example, be ini-
tially excited by an electronically controlled actuator. As
an alternative or additional possibility, the body may be
initially excited by a mechanical device operated by a
person, such as a musician. Such a mechanical device
may be a key-hammer-mechanism, for example in an
electric piano, a plectrum on an electric guitar or a bow
on a string instrument. In another alternative or additional
example, the body may additionally be excited directly
by a person, for example by a finger or by blowing air
onto the body.

[0016] Preferred working principles for an actuator in-
clude mechanical, magnetic, dielectric or piezoelectric
actuation. Also, multiple actuators and/or a combination
of the mentioned actuator types can be used. According
to an advantageous example, the actuator can be a bal-
anced armature driver.
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[0017] The nature of this preferably contactless exci-
tation scheme allows for kinetic energy to be injected into
the vibrating body via a continuous, arbitrary signal,
which is not typically possible in other systems, in par-
ticular in musical devices, based on resonating bodies,
such as electric pianos, where the resonators are usually
excited only by discrete, mechanical events, such as by
striking a resonator with a hammer. One example of such
an actuator is an electromagnetic driver which converts
an arbitrary electrical control signal into motion in the
body, for example using a balanced armature driver
scheme.

[0018] In another embodiment, detecting the move-
ment of the body comprises measuring a displacement
of the body during vibration. A displacement sensor may
be used for this purpose.

[0019] The movement of the body may, for example,
be detected by means of a sensor. The sensor may pref-
erably be a contactless sensor. The sensor may be an
optical, magnetic, piezoelectric or dielectric sensor. Mul-
tiple sensors and/or a combination of the mentioned sen-
sor types can be employed.

[0020] Accordingto another embodiment, a signal rep-
resenting the movement of the body may be processed
by a frequency separator. The frequency separator may
output at least a first frequency separator output signal.
The vibration of the body may be controlled on the basis
of the atleast first frequency separator output signal. The
frequency separator output signal represents movement
of the body at the separated frequency or within the sep-
arated frequency range. The signal representing the
movement of the body and being processed by the fre-
quency separator may be the signal coming directly from
the detection of the movement of the body, e.g. the signal
output from a motion or displacement sensor. Alterna-
tively, the signal may further be processed before being
processed by the frequency separator.

[0021] According to an embodiment, controlling the vi-
bration of the body includes receiving a signal represent-
ing the movement of the body, adapting the phase, am-
plitude and/or shape of the signal, outputting an adapted
signal and controlling the vibration of the body on the
basis of the adapted signal. The signal representing the
movement of the body may be a signal coming directly
from a movement or displacement sensor or another kind
of signal representing the movement of the body, such
as an output signal from a frequency separator. Manip-
ulation of the signal as described improves the quality
and degree to which the vibration of the body can be
controlled.

[0022] Inanotherembodiment, controlling the vibration
of the body includes controlling at least one mode, fre-
quency and/or order of resonance specifically. This fur-
ther improves vibration control. The vibration and/or the
amplitude of a specific mode, frequency and/or order of
resonance can for example be amplified or decreased.
Different modes, frequencies and/or orders of resonance
may be controlled differently, for example one may be
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amplified or maintained and one may be decreased in
amplitude.

[0023] As regards a mode controlled specifically, the
different modes can generally relate to different parts of
the body vibrating or to different directions of vibration.
For example, when the body is an at least two-prong
body, the at least two prongs can vibrate in a common
mode, i.e. in parallel, and/or in differential mode, i.e. in
an alternating manner. In a preferable embodiment, the
vibration of the body includes controlling vibration in a
common mode and in a differential mode separately
and/or differently.

[0024] As regards an order of resonance controlled
specifically, the term "order of resonance" refers to one
resonant frequency of potentially multiple resonant fre-
quencies of the body. Thus, a first order of resonance
refers to a lowest resonant frequency, a second order of
resonance refers to a second lowest resonant frequency,
etc. The order may be the first, second or any higher
order. Also, multiple orders may be controlled. An order
may be separated by means of a frequency separator.
[0025] According to an embodiment, the method com-
prises shifting the resonant frequency or frequencies of
the body. This furtherimproves control over the vibration.
In musical instruments, this provides for an even broader
potential of creativity.

[0026] In an embodiment, the body comprises a ferro-
magnetic material, wherein a static magnetic field is ap-
plied to the body. This field changes the mechanical be-
havior of the body and, thus, its vibration behavior and
most notably its resonant frequencies. Thus, applying a
static magnetic field to a ferromagnetic body is a simple
and easily controllable way to change the resonant fre-
quencies of the body. This further improves control over
the vibration behavior. The static magnetic field can be
applied, for example, by means of a permanent magnet
and/or an electromagnet. The static field may also be
applied by means of a coil of a balanced armature driver.
[0027] According to an embodiment, the resonant fre-
quency or frequencies are shifted by applying and/or
changing a mechanical load on the body. Also, any kind
of actuator can be used to change the vibration properties
of the body, such as changing its elasticity and/or apply-
ing or changing a pre-load-condition.

[0028] According to a further embodiment, the body is
an at least two-prong resonating body and/or is fork-
shaped. Such a shape allows for a simple and precise
design and choice of resonant frequencies of the body.
This improves design flexibility. In particular, it allows for
more degrees of freedom when designing resonant fre-
quencies of the body.

[0029] The movement of the prongs of the body may
be detected by dedicated sensors for each prong. It is
possible to actuate and/or control only one prong or both
or all prongs individually.

[0030] A resonating body with a two-prong shape
and/or a shape of a fork, in particular a tuning fork shape,
may be specifically designed to resonate in such a way
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that the prongs share a common set of in-phase frequen-
cies of oscillation and that a second set of frequencies
is present in the differential motion of the two prongs.
Once the motions of the prongs have been detected and
converted to electrical signals independently, the com-
mon mode and differential mode frequencies can be iso-
lated by adding and subtracting the detected signals from
each prong’s pickup for further processing.

[0031] Inotheradvantageous examples, the body may
be a string or a reed.

[0032] Theinventionfurtherrelatestoamethod for pro-
ducing a sound, in particular in a musical instrument, the
method comprising exciting a body to vibrate in accord-
ance with a method described above.

[0033] The sound may be produced on the basis of the
signal representing the movement of the body and/or on
the basis of a frequency separator output signal. The
same sensor or sensors can be used for sound produc-
tion and controlling the vibration of the body, which is
particularly advantageous regarding control quality and
costs.

[0034] The signal representing the movement of the
body may be further processed before producing the
sound. For example, the signal may be amplified. Alter-
natively or additionally, the signal may be processed by
an effects unit.

[0035] The sound may, for example, be output by a
loudspeaker. The signal and/or the sound may be record-
ed by means of a recording device. Also, the sound may
be amplified and/or further processed with other more
complex sound shaping and/or reproducing circuitry.
[0036] Theinventionfurtherrelatestoamethod for pro-
ducing a sound in a musical instrument, the method com-
prising the steps: actuating a body to vibrate by means
of a contactless actuator, preferably an electromagnetic
actuator; detecting a movement of the body during vibra-
tion of the body; outputting a signal representing the
movement of the body; and producing a sound on the
basis of the signal. This method may comprise exciting
the body to vibrate in accordance with a method de-
scribed above and/or producing a sound in accordance
with a method described above. The method allows for
kinetic energy to be injected into the vibrating or resonat-
ing body via a continuous, arbitrary signal, which is not
typically possible in other musical devices based on vi-
brating or resonating bodies. The possibility to inject ar-
bitrary signals allows for a wide range of possible sounds
to be produced and thus provides for a large degree of
creativity.

[0037] The invention further relates to an apparatus,
in particular a musical instrument, comprising: a body
configured to vibrate upon actuation, an actuator for ac-
tuating the body to vibrate, preferably a contactless ac-
tuator; a sensor for detecting a movement of the body
during vibration of the body, wherein the sensor is con-
figured to output a signal representing the movement of
the body. The apparatus may preferably be configured
to execute a method as described above.

10

15

20

25

30

35

40

45

50

55

[0038] The apparatus may preferably include a feed-
back control for controlling the vibration of the body on
the basis of the signal.

[0039] The apparatus may preferably comprise a
sound production unit configured to produce a sound on
the basis of the signal.

[0040] Any embodiment and/or feature described
herein with regard to a method or apparatus of the inven-
tion may be employed to improve another method or ap-
paratus of the invention described herein.

[0041] Inthe following, further examples are described
with reference to the attached drawings:

Fig.1 shows a system of hardware components for
exciting a body to vibrate.

Fig.2 shows a vibrating body with a contactless ac-
tuator.

Fig.3 depicts a pickup scheme for detecting the
movement of a vibrating body.

Fig.4 depicts a vibrating body vibrating at different
modes and at different frequencies.

[0042] In fig. 1, a system 10 includes a resonator or

body 12, which is designed in this embodiment with a
two-prong shape and essentially with a fork shape. Sim-
ilar to a tuning fork, the resonating frequencies of the
body may be precisely designed and controlled due to
its shape.

[0043] The system 10 further includes a contactless
actuator 14, which is best visible in fig. 2. The actuator
14 of this embodiment comprises a coil 16, a yoke 18
and magnets 20 attached to the yoke at opposite ends
thereof. The actuator 14 essentially operates according
to the working principle of a balanced armature driver.
[0044] The body 12 comprises two prongs 22 and 24.
In this embodiment, the actuator 14 acts on only one of
the prongs, i.e. on prong 22. In other embodiments, both
or all prongs may be actuated individually by dedicated
actuators or together by one actuator. Prong 22 extends
through coil 16 and between the magnets 20.

[0045] Fig. 1 further shows hardware elements of an
optical pickup system of the system 10. For each prong
22 and 24 there is an LED 26 and a light sensor 28. The
function of the optical pickup system is depicted in more
detail in fig. 3. The LED 26 emits light in the direction to
the optical sensor 28. The optical pickup system 26, 28
and the prong 22 or 24 are arranged such that a displace-
ment of the prong 22 or 24 from its neutral (middle) po-
sition changes how the light from the LED 26 reaches
the optical sensor 28.

[0046] The optical sensor 28 may comprise an array
of detectors arranged along its length. In this case, the
degree of displacement, i.e. the amplitude, may be de-
rived from the information, which detectors receive light
and which ones essentially do not. In another example,
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the sensor 28 may measure light intensity and the meas-
ured intensity provides information on the displacement.
Other pickup systems, such as non-optical systems, may
also be used. The pickup system for prong 24 is the same
as the one for prong 22 in this embodiment, but a different
setup is possible.

[0047] Fig. 4 depicts different modes of vibration and
different orders of resonance of a vibrating body 12. Figs.
4a and 4b show common modes, i.e. the prongs 22 and
24 oscillate synchronously. Figs. 4c and 4d show differ-
ential modes, i.e. the prongs 22 and 24 oscillate alternat-
ingly. Figs. 4a and 4c depict vibration at a first order of
resonance, while figs. 4b and 4d depict vibration at a
second order of resonance. One or all of the modes
and/or orders depicted here may be controlled separate-
ly. One might be dampened and/or one might be ampli-
fied or maintained, for example.

[0048] Fig. 5 shows an exemplary control scheme 30
that may be employed to control the vibration of the body
12 described above or another kind of body. The control
scheme 30 includes a body 12, an actuator 14 and a
sensor 28. The vibration of the body 12 is controlled on
the basis of a signal representing the movement of the
body 12 by means of a feedback loop. The feedback loop
of this embodiment includes further processing steps of
the signal originating from the sensor 28 and will be de-
scribed in more detail below. The individual processing
steps are generally not necessary, but individually im-
prove control of the vibration of the body 12.

[0049] The control scheme 30 comprises a frequency
separator 32, which receives a signal representing the
movement of the body 12, in this case the signal 33 di-
rectly coming from the sensor 28. The frequency sepa-
rator 32 outputs multiple frequency separator output sig-
nals, in this case three frequency separator output sig-
nals 34.1, 34.2 and 34.3. Each frequency separator out-
put signal 34 represents the movement of the body 12
at a certain frequency or frequency range.

[0050] Each frequency separator output signal 34 is
fed into an amplitude control block 36. The amplitude
control blocks 36.2 and 36.3 may be configured like am-
plitude control block 36.1, which will be described in more
detail below.

[0051] The control scheme 30 includes an envelope
detector 38, which is in this embodiment a part of the
amplitude control block 36. The envelope detector 38
detects an envelope of a signal representing a movement
ofthebody 12, inthis case the frequency separator output
signal 34.1. The output signal of the envelope detector
is fed as a negative into an adder 40 together with a
control signal 42 from a control signal unit 44. There may
be dedicated control signals 42 and/or control signal units
44 for multiple or each amplitude control blocks 36.
[0052] Thefrequency separatoroutputsignal 34is also
fed into a phase adjustment unit 46. The output signal of
the phase adjustment unit is fed into a gain adjustment
unit 48. The output signal of the gain adjustment unit is
fed into a shape adjustment unit 50.
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[0053] The output signal of the shape adjustment unit
50 is fed into a multiplier 52 together with an output signal
of the adder 40. An output signal of the multiplier 52 rep-
resents an output signal 54.1 of the amplitude control
block 36.1. The output signals 54 from the amplitude con-
trol blocks 36 are fed into an adder 56. The output signal
of the adder 56 is fed into the actuator 14 and, thus, rep-
resents an actuator input signal 58. Thus, a feedback
loop is established.

[0054] The control scheme 30 further includes an ex-
citation impulse unit 60 outputting an excitation impulse
signal, which is fed into a pulse forming unit 62. The out-
put signal of the pulse forming unit 62 is fed into the adder
56. Thereby, the actuator 14 may additionally be used to
initiate vibration of the body 12 and not only for maintain-
ing and/or controlling the vibration of the body 12.
[0055] Furthermore, the control scheme 30 comprises
an auxiliary input unit 64, an output signal of which is fed
into the adder 56. The auxiliary input unit 64 may prefer-
ably output and/or inject a broadband signal. Spectral
properties of the vibrating body 12 may filter the spectrum
of the broadband input signal. This auxiliary input 64 may
be used to implement filter banks, delay effects and/or
reverb effects. Also, music may be input through the aux-
iliary input unit 64.

[0056] The actuator 14 may comprise additional cir-
cuitry, such as a driver, e.g. a current and/or voltage driv-
er. The sensor 28 may comprise additional circuitry, such
as an amplifier, e.g. a high impedance an/or low noise
amplifier. In general, an actual implementation of the con-
trol scheme 30 may comprise additional circuitry of var-
ious sorts and the depiction of the scheme is only of a
schematical nature illustrating selected elements.
[0057] Once the body 12 is excited, the amplitude of
the body’s oscillation at its resonant frequencies can be
controlled over time using the scheme 30 presented here
in the diagram of fig. 3. In this scheme, each frequency
signal 34, which has been extracted electronically from
the sensed pick-up signals, undergoes phase, amplitude
and shape adaptation. The signal is then subject to am-
plitude modulation by an error signal 65, e.g. for control-
ling the feedback gain, before beinginjected into the input
of the actuator 14, in order to keep the resonator excited
at its resonant frequency. The error signal can be gen-
erated by subtracting a detected envelope of signal 34
from the level desired by the user, which may be - but is
not necessarily - conveyed to the system using an enve-
lope generator, as is common in synthesizer systems.
[0058] Inthe scheme presented here, a physical body
12 is excited into a resonating state by injecting kinetic
energy into the body 12 using an actuator 14. The injec-
tion of kinetic energy can be achieved for example
through mechanical, magnetic, dielectric or piezoelectric
means. It is also possible to initially and/or additionally
actuate the body 12 manually.

[0059] The resulting complex movement of the reso-
nating body 12 is sensed and converted into an electrical
signal. Sensory elements, such as sensor 28, can com-
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prise - but are not limited to - optical, magnetic, piezoe-
lectric and dielectric elements. A frequency separator 32
can be added to gain control over a defined number of
distinct frequencies. The resulting signals are processed
and fed back into the actuator 14 in order to keep the
resonator 12 in motion, potentially indefinitely, after ex-
citing it.

[0060] The same signals can also be used to make the
distinct resonances of the physical body audible, i.e. to
produce a sound. A loud speaker 66 may be used, e.g.
together with an amplifier (not shown), to produce a
sound on the basis of a signal representing the movement
of the body 12, for example on the basis of sensor output
signal 33 or (not shown) on the basis of a frequency sep-
arator output signal 34 or any other signal of the scheme.
[0061] Subsequent to the envelope detector 38 and/or
prior to the adder 40, further processing steps and/or
units may be implemented, such as amplitude, phase
and/or shape modification as described with reference
to units 46, 48, 50.

[0062] Finally,itwill be clear thatsimilar to the auxiliary
input unit 64, further inputs, especially inputs to the adder
56, are possible toimplement. Also, there may be multiple
auxiliary input units 64 with different purposes and/or out-
put signals.

List of References

[0063]

10  system

12 body

14  actuator
16 coil

18  yoke

20 magnet
22 prong
24  prong
26 LED

28  light sensor

30 control scheme

32 frequency separator

33  sensor output signal

34  frequency separator output signal
36  amplitude control block

38 envelope detector

40 adder

42  control signal

44 control signal unit

46  phase adjustment unit

48  gain adjustment unit

50 shape adjustment unit

52  multiplier

54  amplitude control block output signal
56  adder

58  actuator input signal

60 excitation impulse unit

62  pulse forming unit
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64  auxiliary input unit
65  error signal
66 loud speaker

Claims

1. Method for exciting a body (12) to vibrate,
the method comprising the steps:

actuating the body (12) to vibrate,

detecting a movement of the body (12) during
vibration of the body (12),

outputting a signal (33, 34, 54) representing the
movement of the body (12),

and controlling the vibration of the body (12) on
the basis of the signal (33, 34, 54).

2. Method according to claim 1,
wherein the body (12) is vibrating in a resonating
state.

3. Method according to one of the preceding claims,
wherein controlling the vibration of the body (12) in-
cludes controlling an amplitude and/or a duration of
the vibration of the body (12).

4. Method according to one of the preceding claims,
wherein controlling the vibration of the body (12)
comprises maintaining the vibration of the body (12).

5. Method according to one of the preceding claims,
wherein actuating and/or controlling the vibration of
the body (12) is performed by an actuator (14), pref-
erably a contactless actuator and/or a mechanical,
magnetic, dielectric or piezoelectric actuator.

6. Method according to one of the preceding claims,
wherein the movement of the body (12) is detected
by means of a sensor (28), preferably a contactless
sensor and/or an optical, magnetic, piezoelectric or
dielectric sensor.

7. Method according to one of the preceding claims,
wherein a signal (33) representing the movement of
the body (12) is processed by a frequency separator
(32), which outputs at least a first frequency sepa-
rator output signal (34), wherein the vibration of the
body (12) is controlled on the basis of the at least
first frequency separator output signal (34).

8. Method according to one of the preceding claims,

wherein controlling the vibration of the body (12)
includes receiving a signal (34) representing the
movement of the body (12), adapting the phase,
amplitude and/or shape of the signal,
outputting an adapted signal (54) and
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controlling the vibration of the body (12) on the
basis of the adapted signal (54).

Method according to one of the preceding claims,
wherein controlling the vibration of the body (12) in-
cludes controlling at least one mode, frequency
and/or order of resonance specifically, in particular
wherein a common mode and/or a differential mode
are controlled specifically.

Method according to one of the preceding claims,
wherein the body (12) is an at least two-prong body
and/or is fork-shaped and/or wherein the body (12)
is a resonating body.

Method for producing a sound, in particular in a mu-
sical instrument,

the method comprising exciting a body to vibrate in
accordance with the method of one of the preceding
claims.

Method according to claim 11,

wherein the sound is produced on the basis of
the signal (33, 34, 54) representing the move-
ment of the body (12) and/or on the basis of a
frequency separator output signal (34) and/or
wherein the signal (33, 34, 54) is further proc-
essed and/or amplified before producing the
sound.

Method according to one of claims 11 and 12,

wherein the sound is output by a loudspeaker
(66) and/or

wherein the signal and/or the sound is recorded
by means of a recording device.

Method for producing a sound in a musical instru-
ment,
the method comprising the steps:

actuating a body (12) to vibrate by means of a
contactless actuator (14), preferably an electro-
magnetic actuator,

detecting a movement of the body (12) during
vibration of the body (12),

outputting a signal (33, 34, 54) representing the
movement of the body (54);

producing a sound on the basis of the signal (33,
34, 54).

15. Apparatus, in particular a musical instrument, com-

prising:

abody (12) configured to vibrate upon actuation,
an actuator (14) for actuating the body (12) to
vibrate, preferably a contactless actuator,
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12

a sensor (28) for detecting a movement of the
body (12) during vibration of the body (12),
wherein the sensor (28) is configured to output
a signal (33) representing the movement of the
body (12),

and preferably a feedback control (30) for con-
trolling the vibration of the body (12) on the basis
of the signal (33),

and/or preferably a sound production unit (66)
configured to produce a sound on the basis of
the signal (33).
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