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(54) SYSTEM FOR CONTROLLING AN INDUCTION HOB

(57)  System for controlling an induction hob (100)
wherein the induction hob (1) is provided with at least an
induction coil (3) for heating a cookware (C) and a first
electronic system (6) configured to control the power
supplied to the induction coil (3). The system further
comprises a noise detecting system (10) which is con-
figured to provide a time-domain electrical noise signal
indicative of the noise generated by the induction hob,
and/orinduction coil (3) and/or cookware (C). The system
further comprises a user electronic device (110) provided
with a second electronic system (111) which is configured
to communicate data/information to first electronic sys-
tem (6). The first electronic system (6) is further config-
ured to communicate the time-domain electrical noise
signal to the second electronic system (111) of the user
electronic device (110). The second electronic system
(111) is configured in order to: receive the time-domain
electrical noise signal from the first electronic system (6),
perform a Fourier transform in order to transform the
time-domain electrical noise signal in a frequency-do-
main electrical noise signal, and communicate the fre-
quency-domain electrical noise signal to the first electro-
nic system (6).
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Description

TECHNICAL FIELD

[0001] The present invention generally concerns the
technical field of induction hobs.

[0002] More specifically, the present invention relates
to a system for controlling an induction hob.

PRIOR ART

[0003] Induction hobs for preparing food are well
known in prior art. Induction hobs typically comprise
heating zones, which are associated with induction coils.
For heating a piece of cookware placed on a heating
zone, the induction coils is electrically coupled with elec-
tronic driving units of a control unit for driving an alter-
nating current through the induction coil.

[0004] The alternating current generates a time vary-
ing magnetic field. Due to the inductive coupling between
the induction coils and the piece of cookware placed
above the induction coil, the magnetic field generated
by the induction coil causes eddy currents circulating in
the piece of cookware. The presence of eddy currents
generates heat within the piece of cookware due to the
electrical resistance of the piece of cookware.

[0005] Itis also known that cookwares (or pots) usually
generate acoustic noise when heated by induction hobs.
[0006] Acoustic noise generated by cookware gener-
ally depends on structure, materials of cookware and
heating temperature. For example, noise tends to be
higher with lightweight cookware or multi-ply material
e.g., stainless steel with aluminum core.

[0007] In order to control the induction coils to reduce
the noise generated by cookwares during the cooking,
some induction cooking appliances includes noises de-
tecting systems. Some known noises detecting systems
used in induction hobs comprise microphones config-
ured to provide electrical signals indicative of the noise
generated by the cookware during cooking, and an elec-
tronic control unit which receives the electrical signals
and processes the latter in order to determine a value
indicative of the acoustic noise.

[0008] In some solutions, it has been proposed to
elaborate the electrical signals of the acoustic noise by
means of Fourier transform. However, performing a Four-
ier transform, if on the one hand is advantageous be-
cause allows to elaborate the noise signals in the "fre-
quency domain”, on the other hand, needs calculation
units, i.e. microprocessors, having high computational
powerful and thus high costs which of course affect the
cost of the induction hobs.

DESCRIPTION OF THE INVENTION

[0009] The aim object of the presentinvention is there-
fore to provide system for controlling an induction hob,
wherein it is possible to perform a Fourier transform on a
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noise signal, without however the need to use expensive
calculation systems embedded in the induction hob itself.
The claims describe preferred embodiments of the pre-
sent invention forming an integral part of the present
specification.

[0010] If not explicitly indicated otherwise, embodi-
ments of the invention can be freely combined with each
other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The various aspects of the invention, including
its particular features and advantages, will be readily
understood from the following detailed description and
the accompanying drawings, in which:

Fig. 1 schematically illustrates a system for control-
ling an induction hob made according to the teaching
of the present invention,

Fig. 2 shows a block diagram of the system for
controlling an induction hob according to the present
invention.

PREFERRED EMBODIMENTS OF THE INVENTION

[0012] The present invention will now be described
more fully with reference to the accompanying drawings,
in which example embodiments are shown. However,
this invention should not be construed as limited to the
embodiments set forth herein. Throughout the following
description similar reference numerals have been used
todenote similar elements, parts, items or features, when
applicable. With reference to Figure 1, number 1 indi-
cates, as a whole, a system 100 for controlling an induc-
tion hob 1 made according to the present invention.
[0013] The system 100 comprises the induction hob 1
and a user electronic device 110.

[0014] According to the exemplary embodiment illu-
strated in Figures 1 and 2, the user electronic device 110
is provided with a communication module device (not
shown) configured to perform wireless communications
of data/information. The user electronic device 110 may
be, for example, a smartphone (as illustrated in the ex-
ample of Figure 1), a laptop, a personal computer or any
other equivalent/similar electronic apparatus. The user
electronic device 110 comprises one or more calculation
units 111 (one of which illustrated in Figures 1 and 2).
Preferably, the calculation unit 111 of the user electronic
device 110 comprises a computer processor.

[0015] With reference to the example of Figure 1, the
induction hob 1 may comprise a hob plate 2 and one or
more heating zones 4 (shown by broken lines), which are
arranged on the hob plate 2 and are structured in order to
support respective cookwares C (one schematically illu-
strated in Figures 1 and 2).

[0016] With reference to the exemplary embodiment
shownin Figure 1, each heating zone 4 is associated with
at least an induction coil 3 configured to heat the cook-
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ware C. Preferably, the induction coil 3 may be arranged
under the hob plate 2.

[0017] Inthe example shown in Figure 1, the induction
hob 1 further comprises a user-interface 5, for example,
comprised in a control panel of the induction hob 1.
[0018] The user-interface 5 may be configured in order
to allow users to input/set commands to the induction hob
1 to perform the cooking (cycle).

[0019] According to an embodiment of the present
invention illustrated in Figure 1, the user- interface 5
(panel or similar/equivalent) may be further configured
to allow the user to input/set command to select a heating
power for cooking and or a cooking program among a
plurality of preestablished cooking programs.

[0020] With reference to the example shown in Figure
1, the induction hob 1 further comprise an electronic
control system 6, which is configured to control the op-
eration of the induction hob 1.

[0021] Preferably, the electronic control system 6 may
comprise an electronic control unit 7.

[0022] The electronic control unit 7 may be configured
to control the electric power supplied to the induction coil
3in order to regulate the heating power that induction coil
3 provides to the cookware C while cooking.

[0023] Withreference to Figure 2, the electronic control
system 6 of the induction hob 1 may further comprise a
communication module device 9 configured to perform
wireless communications to communicate (exchange)
data/information with the user electronic device 110.
According to a preferred embodiment of the present
invention, the induction hob 1 further comprises a noise
detecting system 10.

[0024] In an exemplary embodiment of the present
invention illustrated in Figure 2, the noise detecting sys-
tem 10 may comprise one or more acoustic sensing
devices 8.

[0025] The acoustic sensing device 8 may be config-
ured to provide to the electronic control system 6, i.e. the
electronic control unit 7, an electrical noise-signal indi-
cative of the noise generated by the cookware C.
[0026] Preferably, the acoustic sensing device 8 may
be configured to output the electrical noise-signal in the
"time domain". The acoustic sensing device 8 may com-
prise a microphone, or a vibration sensing device or any
similar device, which is configured to provide an electrical
signal indicative of the detected acoustic noise, herein-
after indicated with electrical noise signal.

[0027] The acoustic sensing device 8 may be arranged
in the induction hob 1 in order to be adjacent to a relative
heating zone 4/induction coil 3. Preferably, the acoustic
sensing device 8 may be arranged in the induction hob 1
in order to sense/determine the noise generated by the
cookware C.

[0028] Itis understood that the present invention is not
limited to a noise detecting system 10 wherein the acous-
tic sensing device 8 are arranged in the induction hob 1,
but in addition or alternatively, it may be envisaged that
the noise detecting system 10 comprises acoustic sen-
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sing device 8 arranged in a cooker-hood (not illustrated)
and/or in a smart-home device (ceiling light, smoke
alarm, or the like).

[0029] Moreover, in addition or alternatively, it may be
envisaged that the noise detecting system 10 comprises
an acoustic sensing device 8, such as a microphone
being arranged in the user-electronic device 110.
[0030] According to an embodiment of the present
invention, the electronic control unit 7 may be configured
to input (receive) the electrical noise signal "in the time-
domain", hereinafter indicated with "time-domain elec-
trical noise signal".

[0031] Moreover, according to an embodiment of the
present invention, the electronic control unit 7 may be
configured to transmit by means of the communication
module device 9 the time-domain electrical noises sig-
nals to the user electronic device 110.

[0032] According to an embodiment of the present
invention, the calculation unit 111 may be configured to
perform a Fourier transform (FTT) on the time-domain
electrical noises signals to transform the latter in the
frequency-domain in order to provide frequency-domain
electrical noise signals.

[0033] Preferably, the calculation unit 111 may be con-
figured to perform a Fourier transform based on a pre-
fixed bandwidth of the frequency-domain comprised be-
tween about 100 Hz to about 20KHz.

[0034] Preferably, the calculation unit 111 may be con-
figured to perform a Fourier transform based on a pre-
fixed bandwidth associated to about 640 frequency-
channels.

[0035] Conveniently, the calculation unit 111 may be
configured to perform a Fourier transform in order to have
a linear resolution on the prefixed frequency bandwidth
greater than about 31 Hz.

[0036] The calculation unit 111 may also be configured
in order to process the frequency-domain electrical noise
signal for determining noise information/data concerning
the noise generated by the cookware C/induction hob 1.
[0037] Preferably, the user electronic device 110 may
be configured to communicate the determined noise
information/data to the electronic control system 6.
[0038] The electronic control system 6 may be config-
ured in order to control the electric power supplied to the
induction coil 3 being heating the cookware C, based on
the received noise information/data.

[0039] The electronic control system 6 may be config-
ured in order to elaborate the received noise informa-
tion/data in order to find out the "cause" of the generation
of noise. According to an embodiment, the electronic
control system 6 may be configured to elaborate the
received noise information/data in order to determine
whether the acoustic noise is caused by at least a first
noise cause/condition or a second noise cause/condi-
tion.

[0040] The first noise cause/condition may be asso-
ciated to noise due to the electric power supplied to the
induction coil 3.



5 EP 4 557 889 A1 6

[0041] The second noise cause/condition may be as-
sociated to a noise generated by cookware C (structure
or material, etc...) .

[0042] Preferably, the electronic control system 6 may
be configured to sweep the power supplied to the induc-
tion coil 3 during a prefixed control time (about few
second), determine the noise by the noise detection
system 10 and provide the time-domain electrical noise
signal to the user electronic device 110.

[0043] Preferably, the user electronic device 110 may
determine the frequency-domain electrical noise signal
based on time-domain electrical noise signal by perform-
ing the Fourier transform. It is understood that the trans-
formation operations of the time-domain electrical noise
signal through the Fourier transform may be performed
trough a mobile application implemented by the user
electronic device 110.

[0044] Preferably, the user electronic device 110 may
communicate the frequency-domain electrical noise sig-
nal to the electronic control system 6. Itis understood that
these operations may be performed trough a mobile
application implemented by the user electronic device
110. Preferably, the electronic control system 6 may
receive the frequency-domain noise signal from the elec-
tronic device 110, compare the rise on all frequencies of
the frequency-domain noise signal, with the rise on pre-
fixed frequencies of a reference frequency-domain noise
signal, and determine the first noise cause based on the
results of comparison. For example the electronic control
system 6 may determine an average value based on the
rise on all frequencies of the frequency-domain noise
signal, compare the determined average value with a
prefixed an average value and determine the first noise
cause based on the results of comparison.

[0045] Preferably, the electronic control system 6 may
be configured to sweep the power supplied to the induc-
tion coil 3 by changing the value of the electrical power
supplied to the induction coil 3 and/or by changing the
working frequency of the electrical power. For example
the electrical power may have a value of 300 Watt, and
the working frequency may be changed by the electronic
control system 6 within a prefixed frequency range com-
prised between about 23 kHz and about 25kHz.

[0046] The first noise cause may be associated to
some prefixed frequencies having predetermined peaks
values, within said prefixed frequencies range corre-
sponding to the range in which the power has been
swept. The first noise cause may be associated to at
least a first value.

[0047] Itis understood that the full spectrum, average
over certain time or over some data-cycles (10ms per
FFT x 10 = 100ms ) may be the current average refer-
ence.

[0048] This reference may be stored and associated to
2048 frequency channels.

[0049] According to an embodiment of the present
invention, the electronic control system 6 may be con-
figured to alternately switch on/off the induction coil 3
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and/or sweeps the frequency/value of the electric power
supplied to the induction coil 3.

[0050] Preferably, the electronic control system 6 may
be configured to in order to calculate the second noise
cause associated to an average in the prefixed frequency
band. The second noise cause may be associated to at
least a second value.

[0051] Preferably the electronic control system 6 may
be configured to search for frequency peaks., Preferably
the electronic control system 6 may be configured to
make a short time average. The short time average
may be maybe for example of 2..3 FFT. The electronic
control system 6 may be also configured to compare this
with stored references, calculate the difference for ex-
ample per channel (the delta can be cumulated) in odred
to determine the second value, compares the second
value with said first value, and determine that noise has
generated by the cookware C based on the result of
comparison.

[0052] When the electronic control system 6 deter-
mines that noise is generated by electric power supplied
to the induction coil , it may determine if there is at least a
impulse or high "dB level" on some frequencies of the
frequency-domain electrical noise signals.

[0053] The electronic control system 6 controls the
power provided to the induction coil 3 when it determines
thatthere is atleastanimpulse or high "dB level" on some
frequencies of the frequency-domain electrical noise
signal.

[0054] It is understood that impulse is due to intern
processing, and the electronic control system 6 mayruna
corresponding subroutine, which controls the induction
coil 3 to reduce the noise.

[0055] It is understood that in case of high dB: the
electronic control system 6 may perform of: sweeping
the induction frequency & FFT calculated in parallel, and
repeat this. Moreover, it is understood that this maybe in
power steps 3000W/2500W/2000W/1500W/1000W/
700W induction board can sweep within some millise-
conds through this. Moreover a threshold, i.e. 60% noise
reduction, will indicate the power/frequency which gives
this noise reduction. This will be automatically selected.
During boiling further noise can appear (water); here the
system may detects what is cookware C and what is
water (with &without lid) which causes noise. The refer-
ence data from the first sweep will be used for that.
[0056] The system has the advantage that is config-
ured to perform a Fourier transform on a noise signal
supplied by a microphone, without the need to use have
powerful and expensive calculation systems in the same.
The cooking experience is not disturbed by noisy pan.
The mobile phone is powerful enough an coming micro
for the induction POB will be powerful as well. The Fourier
transform software is meanwhile available as single mo-
bile application APP.

[0057] Clearly, changes and variations may be made to
the system , departing from the scope of the present
invention.
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Claims

System for controlling an induction hob (100) com-
prising:

an induction hob (1) provided with at least an
induction coil (3) for heating a cookware (C) , a
first electronic system (6) configured to control
the power supplied to said induction coil (3), and
a noise detecting system (10) which is config-
ured to provide a time-domain electrical noise
signal indicative of the noise generated by said
induction hob, and/or induction coil (3) and/or
cookware (C),

a user electronic device (110) provided with a
second electronic system (111) which is config-
ured to communicate data/information with said
first electronic system (6) wherein

said first electronic system (6) is configured to
communicate said time-domain electrical noise
signal to said second electronic system (111) of
said user electronic device (110)

second electronic system (111) is configured in
order to: receive the time-domain electrical
noise signal from said a first electronic system
(6), perform a Fourier transformin order to trans-
form said time-domain electrical noise signalina
frequency-domain electrical noise signal, and
communicate said frequency-domain electrical
noise signal to said first electronic system (6).

System according to claim 1, wherein said a first
electronic system (6) is also configured in order to
receive said frequency-domain electrical noise sig-
nal, processes said frequency domain electrical
noise signal in order to determine noise information
indicative of said noise, and control the power sup-
plied to said induction coil (3) based on said deter-
mined noise information.

System according to claims 1 or 2 wherein said first
electronic system is configured to perform a Fourier
transform (FTT) on said time-domain noise-signals
based on a prefixed bandwidth comprises between
about 100 Hz to about 20KHz.

System according to any of the foregoing claims,
wherein said first electronic system (6) is configured
to elaborate the received noise information/data in
order to find out the causes of generation of said
noises.

System according to any of the foregoing claims,
wherein said first electronic system (6) is configured
to elaborate the received noise information/data in
order to determine whether the noise is generated
because of a first noise cause or a second noise
cause, said first noise cause being associated to
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10.

1.

12.

noises due to the electric power supplied to the
induction coil (3), said second noise cause being
associated to a noise generated by said cookware
(C).

System according to any of the foregoing claims,
wherein said first electronic system (6) is configured
to sweep the power supplied to said induction coil (3)
during a prefixed control time, communicating the
time-domain electric noise signal to the second elec-
tronic system (111) of the user electronic device 110,
determining by the second electronic system (111)
the frequency-domain electrical noise signal by per-
forming the Fourier transform on said time-domain
electric noise signal, receiving the frequency-do-
main electrical noise signal from said second elec-
tronic system of the user electronic device (110),
comparing the frequency-domain electrical noise
signal with ta prefixed frequency-domain electrical
noise signal, and determine the first noise cause
based on the results of the comparison.

System according to claim 6, wherein said first elec-
tronic system (6) is configured in order to sweep the
power supplied to the induction coil (3) by changing
the value of the supplied power and/or by changing
the working frequency.

System according to claim 7, wherein said first elec-
tronic system (6) is configured in order to sweep the
power supplied to the induction coil (3) by changing
the working frequency within a prefixed frequency
range comprised between about 23kHz and about
25kHz.

System according to any of the foregoing claims,
wherein said first electronic system (6) is configured
in order to determine a second noise cause based on
an average value of said frequency-domain electri-
cal noise signal in a prefixed frequency band.

System according to any of the foregoing claims,
wherein said first electronic control system (6) is
configured in order to determine peaks of the said
frequency-domain electrical noise signal in said pre-
fixed frequency band, compare said peaks with re-
ference values, calculate the difference, and deter-
mine that acoustic noise is generated by said cook-
ware (C ) during the heating, based on said differ-
ence.

System according to any of the foregoing claims,
wherein when said first electronic system (6) is con-
figured to determine that the noise is generated by
electric powers, based on one or more impulse of
said frequency-domain electrical noise signal.

System according to claim 11, wherein when said
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firstelectronic system (6) is configured to controls the
power supplied to said induction coil (3) based on
said one or more impulses of said frequency-domain
electrical noise signal.
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