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Description

Induction hob with boiling detection and induction energy con

trol, method for heating food with an induction hob and computer

program product

In modern lifestyle, time is rare and the efficient use of

available time is of essence. In household environments, such as

kitchen environments, people want to have the utmost freedom in

the preparation of their food, while at the same time expecting

a sophisticated level of automation and security in order to

guarantee and safeguard an optimum cooking result. Manufacturers

of kitchen hobs thus strive to develop automated cooking func-

tions to a higher degree while using dedicated sensor technology

combined with sophisticated control mechanisms.

On the other hand, kitchen hobs, such as induction hobs, for

kitchen environments and for a mass market have to be cost-

efficient and reliable to guarantee a long-term functionality

expected of the kitchen appliances.

Document EP 2020826 Bl discloses an induction heating cooker, an

induction heating cooking method and an induction heating cook

ing program. According to this document, a vibration sensor

based on piezoelectric ceramics is used to detect vibrations

caused by sound waves in the ultrasonic frequency range of about

a double the induction frequency.

One embodiment shown in Fig. 11 shows two pots on the two heat-

ing zones equipped with individual thermistors to detect a tem

perature of a bottom surface of a cooking vessel. Vibration de

tection is commonly performed by a single vibration sensor. In

order to detect in the example shown in Fig. 11, which of the

two vessels contains a boiling substance, the induction power



supplied to the respective induction coils is manipulated ac

cording to a pattern, and if a corresponding vibration pattern

is discovered by the vibration sensor, the respective boiling

substance and the associated cooking zone is identified.

Document JP 2005129239 A discusses a heating cooker in which it

is easy to identify a heating means of boiling in the case ei

ther of the containers placed respectively on a plurality of

heating means comes to a boil. In the heating cooker provided

with a top plate capable of placing a container in which a heat

ed material is put, and a plurality of heating means composed of

at least one induction heat coil and an electric heater arranged

and installed respectively at the lower part of this top plate,

this is equipped with a vibration detecting means to detect vi-

brations of the container via the top plate, a boiling detecting

means to detect a boiling state of the heated material by an

output from this vibration detecting means, and a boiling judg

ment means to identify the boiling heating means from a vibra

tion damping ratio of a container corresponding to respective

heating means after termination of heating by boiling of the

heated material.

According to document US 6236025 B a cooking range with an

acoustic sensing system for determining the boil state of the

contents of a cooking utensil includes at least one acoustic

sensor, is positioned on or in the cooking appliance to detect

acoustic emissions in one or more specific ranges of frequencies

that are characteristic of emissions resulting from the heating

and boiling of liquids in a variety of cooking utensils or ves-

sels.

According to document JP 2005019292 to eliminate a trouble

as misunderstanding by a user, a heating cooker comprises

heating cooker body provided with a top plate for mounting



heating vessel on the upper part, a heating means for heating

and cooking a heated object in the heating vessel, a vibration

sensor for detecting the level of vibration transmitted to the

heating cooker body, a temperature sensor for detecting the tem-

perature of the top plate, and a boiling detection means which

detects the boiling state of the heated object in the heating

vessel based on the output of the vibration sensor, and on the

condition that the detected temperature of the temperature sen

sor is a prescribed temperature or higher, finally decides the

boiling detection of the heated object.

According to EP 2590473 A a cooking device has heating unit, a

control unit and sensor unit. The control unit is provided for

detecting the imminent simmering state of food to be cooked by

the heating unit, based on the time profile of a signal measured

by the sensor unit. An acceleration sensor is provided in the

sensor unit. A position determination of heated cooking material

is performed based on corresponding signal strength of the sig

nals .

Document US 6118104 A discusses a method of determining the boil

states of a liquid as measured by an acoustic sensor which

measures the acoustic signal generated by the liquid as it is

heated. The acoustic signal is smoothed and a first derivative

of the acoustic signal is calculated. Also the frequency of the

acoustic signal is measured. Derivative inflection points, zero

slope points, and acoustic signal frequencies are utilized to

determine the pre-simmer, simmer, pre-boil, boil, boil dry, and

boil over states of the liquid.

No further prior art is known.



The invention is based on the problem to improve boiling detec

tion for a cooking hob in the presence of more than one cooking

vessel and subsequent energy control for an induction hob.

This problem is solved by the invention by an induction hob ac

cording to claim 1 , a method for heating food according to claim

11 and a computer program product for an induction hob according

to claim 15.

Further developments of the invention are given in the dependent

claims .

Advantageously, an induction hob according to the present inven

tion uses a micro-electromechanical system, also named MEMS, re-

spectively an acceleration sensor to detect vibrations caused by

bubbles forming inside of a heated substance, thereby making use

of a widely distributed technology in mobile devices that is

available in large quantities and has proven to be reliable. It

combines this with respective temperature detectors in order to

determine which of the substances being heated on the induction

hob are boiling and controlling the energy supplied to the in

duction coil heating the respective identified substance in a

manner to avoid overcooking and allow continuous simmering in an

automated process.

Advantageously, according to a further development of an embodi

ment of the kitchen hob according to the present invention, the

micro-electromechanical system e.g. as a vibration sensor is

placed between heating zones, and in this manner vibrations

caused by substances boiling on any of the heating zones around

a vibration sensor can be detected with substantially equal sen

sitivity and thus only one vibration sensor in the center can be

used for a plural heating zones in order to securely detect

boiling substances cooking on the respective heating zones.



Beneficially, according to a further development of an embodi

ment of the kitchen hob according to the present invention, the

micro-electromechanical system, respectively the vibration- or

acceleration sensor, is placed in the middle between cooking

zones, because in this manner vibrations caused by substances

heated on respective cooking zones have to travel the same dis

tance to the vibration sensor and thus allow a precise detection

of vibrations with the same sensitivity regardless which cooking

zone is involved. In this manner, the detection of cooking sub

stances is further facilitated and improved. This allows estab

lishing the same accuracy in the determination for all of the

cooking zones.

Advantageously, according to a further development of an embodi

ment of the kitchen hob according to the present invention, the

micro-electromechanical system respectively acceleration sensor,

vibration sensor is attached to a cooking plate which also hous

es the cooking zones of the induction cooking hob. In this man-

ner, the vibration distribution to the acceleration sensor is

facilitated, while at the same time allowing for minimum damping

effects and thus improving the accuracy. Isolating the micro-

electromechanical system from magnetic waves or an electric

field present or caused by the operation of the induction hob by

a dielectric medium protects the device and ensures a long-term

function of the acceleration sensor. Beneficially at the same

time a better heat isolation is also provided. In this manner

the micro-electromechanical system is better protected against

thermal shock or overheating in case a hot pot is placed in its

proximity.

Beneficially, according to a further development of an embodi

ment of the kitchen hob according to the present invention, the

dielectric medium is mica which is a hard substance and thus al-



lows for the distribution of sound and vibration energy, while

at the same time protecting the micro-electromechanical system

from damage by an electric field or magnetic waves respectively

radiation present at an induction hob. Advantageously mica has

also good thermal isolation properties and thus is capable of

providing double protection to the micro-electromechanical sys

tem.

Advantageously, according to a further development of an embodi-

ment of the kitchen hob according to the present invention, a

user interface is provided at the kitchen hob that is connected

to a control unit and adapted to indicate a boiling state of a

substance on any of the cooking zones to a user. In this manner,

a rapid response by a user can be triggered, respectively the

awareness of an operator can be attracted in order to provide

closer control of the cooking process and eventually take cor

rective measures not withstanding automated functions of the in

duction cooking hob.

Advantageously, according to a further development of an embodi

ment of the kitchen hob according to the present invention, the

controller is adapted to control the energy supplied to the in

duction heating zone to keep the boiling substance simmering.

This means that the energy supplied to the respective induction

coil associated to the identified heating zone, which supports

the boiling substance will be reduced in a manner to avoid boil

ing, while at the same time keeping the boiling substance in a

simmering state associated to a predetermined cooking tempera

ture .

Advantageously, according to a further development of an embodi

ment of the induction hob according to the present invention,

the controller is adapted to control the power supplied to the

identified heating zone based on a vibration- respectively sound



level at an initial cooking state and a maximum sound level. In

this manner, a power level can be calculated that corresponds to

a certain temperature by taking the total power into account and

the relationship of the total sound volume to the sound volume

at a simmering state. Herewith, an easy and simple method is

provided in order to calculate the power required to keep a pre

viously boiling substance in a simmering state.

Advantageously, according to a further development of an embodi-

ment of the induction hob according to the present invention,

the power supplied to the identified heating zone is determined

based on a heating behavior of the substance to be boiled. Based

on the power supplied to the heating zone and the time needed

for the substance to boil, roughly a mass of a substance can be

calculated taking water as a basis. In this manner, the power

required to keep the substance on a heating zone at a simmering

state can be well approximated by taking any previous made ob

servations with different masses into account and e.g. looking

up the power required for simmering in a mass /power table

stored e.g. in the controller.

Advantageously, according to a further development of an embodi

ment of the induction hob according to the present invention, a

user interface is provided with a start button for an automated

process involving pot detection on a heating zone, boiling of a

substance in the pot detected on a heating zone and subsequent

simmering of the heated substance. In this manner, with a mini

mum of user interaction required, substances in various pots on

the induction hob according to the present invention can be

boiled and subsequently simmered according to a predetermined

finished cooking state. Beneficially, such a process can be com

bined with predefined timings for respective heating zones.



Advantageously, according to a method for heating food according

to the present invention, vibrations caused by audible sound

during heating of a heated substance on different heating zones

of an induction hob can be measured, and signal analysis of

sound over time can be performed in order to securely determine

once a boiling state is reached. Subsequently power supplied to

the heating zone, which supports the boiling substance can be

controlled, e.g. in a manner to simmer the substance after boil

ing, or an indication can be provided in order to allow a user

to respond to the substance boiling by taking appropriate con

trol measures or e.g. putting the noodles into the boiling wa

ter .

Advantageously, an indication of boiling can be given, once a

peak sound level to a current sound level relationship is 0.4.

Advantageously, another determination of a boiling state can be

provided by a further development of an embodiment of the method

according to the present invention in determining a flat slope

of a sound level that is higher than an initial sound level for

a period of 30 seconds.

Advantageously, according to a further development of the method

according to the present invention, a power supplied to a heat-

ing zone is reduced based on a relationship of a maximum sound

level to a sound level expected to occur at a simmering state

and adjusting the power accordingly or determining the tempera

ture gradient during heating, corresponding to a mass of sub

stance to be heated. This allows to determine a power required

to keep the substance at a simmering state, advantageously by

looking up the power in a table listing masses and required

heating power for simmering.



Advantageously, a computer program product for an induction hob

according to the present invention comprises computer-readable

instructions stored on a memory that when read by a controller

of the induction hob makes the controller execute method steps

according to the present invention as process steps. In this

manner, mass production is facilitated and an easy update of

controller software at a customer site is possible wirelessly or

per reader transferring the instructions from a maintenance ter

minal or the like to the controller at the customer's premises.

Subsequently, the invention will further be explained on the ba

sis of examples shown in drawings, wherein:

Fig. 1 shows an exemplary top view on a kitchen hob;

Fig. 2 shows a configuration of a kitchen hob;

Fig. 3 shows a vibration curve over time; and

Fig. 4 shows a computer program product.

As Fig. 1 shows, an induction hob 1000 has for instance four

heating zones 1100, 1200, 1300 and 1400. A vibration sensor,

built as e.g. accelerometer , respectively a micro-

electromechanical system 1500, is located between the heating

zones and preferably in the middle of them in order to detect

vibrations caused by audible sound when substances are boiling

on respective heating zones with the same accuracy.

For better protection the micro-electromechanical system may be

mounted on a printed circuit board. In this way it may be better

protected against heat and excess vibration. Further, in case

the mounting location is closer to a magnetic coil a magnetic

shield may preferably be provided beneficially a metal shield.

The printed circuit board beneficially may be coupled to a glass



ceramic by mechanic means such as a pin or walls. On the other

hand the printed circuit board beneficially may be mounted on a

soft material e.g. silicone fixing it to a cooktop to limit the

vibration transmission from the glass ceramic to the micro-

electromechanical system. In this manner the life span of the

micro-electromechanical system can be prolonged.

Further, a human interface 1600 is shown that allows to respec

tively select the heating zones 1100 to 1400 by corresponding

switches 1660 to 1630. Further, an on/off switch 1670 is provid

ed as well as an indication 1680 and a button 1610 for an auto

mated function. Further, a +/- switch is shown 1620 in order to

e.g. regulate the power provided to the respective heating zones

1100 to 1400 when no automated function is running, or in order

to correct the power during an automated process. The indicator

1680 can be, for instance, a text display, an optical display

such as a light-emitting diode or contain a speaker in order to

provide an audible sound in case a state achieved by a substance

on the induction hob needs the attention of the user, for fur-

ther input or performing activities with cooking substances. For

instance, a boiling state of a cooking substance on any of the

heating zones 1100 to 1400 may be indicated on the indicator

1680. With the automatic function button, which can be e.g. a

sensor field or touchscreen input as well, a user may start an

automated boiling function on any of the heating zones of the

induction hob 1000. For instance, a user may place a cooking

vessel such as a pot on one of the heating zones which will be

recognized by a pot detection - not shown - of the induction hob

and lead to subsequent boiling of the substance, where a boiling

state is detected by use of the micro-electromechanical system

1500, and a subsequent simmering of the substance may be started

after the boiling state has been reached.

Further, once the boiling state is reached, an indication may be

given via the indicator 1680 by presenting a flashing light, a



text message or an audible sound or a combination thereof. The

same automated function is conceivable for plural pots placed on

different heating zones.

Fig. 2 shows a basic configuration of a kitchen hob according to

an embodiment of the present invention. In this case, this may

be considered as a preferred embodiment of the invention. The

inventors have found that in the presence of plural boiling sub

stances on a kitchen hob, a boiling substance can be securely

identified by a combination of a thermal sensor and a micro-

electromechanical system, e.g. respectively an acceleration sen

sor. Here, a pot 2100 is shown containing a cooking substance

2110, e.g. water or a soup or any other dish. Also shown is a

cooktop 2250 which supports the pot 2100 above a heating zone.

The heating zone is exposed to magnetic waves emanated from an

induction coil 2200 located underneath the cooktop 2250. Elec

tric fields may build up during the operation of the induction

hob. Located in the area of the cooking zone is a thermal sensor

2220, such as a thermostat providing information about a temper-

ature in its area. Further, a generator 2300 of magnetic waves

is shown that is connected to a controller 2400, which controls

the signals and the energy of the signals generated by the gen

erator 2300.

Further, a user interface controller 2600 is shown, which is

connected to the controller via a line 2410 and to the vibration

sensor 2500, respectively micro-electromechanical system, re

spectively accelerometer 2500 via a line 2510. Once the induc

tion coil 2200 is fed with magnetic energy from the generator

2300, eddy currents are generated within the cooking vessel

2100, and the substance 2110 is heated by the heated vessel. In

addition an electric field may build up that may cause damage to

sensitive electrical parts such as an MEMS.



At a certain point in time, bubbles start to form inside of the

substance 2110 and collapse again, which leads to vibrations and

audible sound. This sound is detected by the micro-

electromechanical system 2500. Here, it is shown that the micro-

electromechanical system 2500 is attached to the cooktop 2250

indirectly via a dielectric shield 2505, which may be made of

mica, as this is a hard substance and does not substantially

dampen vibrations, while at the same protecting the micro-

electromechanical system from electromagnetic waves emanated

from the induction coil 2200 or an electric field that builds up

or is present during operation or at the induction hob. Benefi

cially the mica also at the same time provides good thermal iso

lation against heat transmitted from e.g. a hot pot through the

cooktop 2250 e.g. being made from glass ceramics.

Instead of the mica or in addition to it for better protection

the micro-electromechanical system may be mounted on a printed

circuit board. In this way it may be better protected against

heat and excess vibration. Further, in case the mounting loca-

tion is closer to a magnetic coil a magnetic shield may prefera

bly be provided beneficially a metal shield. The induction coils

also beneficially may be designed to direct the electromagnetic

waves away from micro-electromechanical system. The printed cir

cuit board beneficially may be coupled to the cooktop 2250 by

mechanic means such as a pin or a wall. On the other hand the

printed circuit board beneficially may be mounted on a soft ma

terial e.g. silicone to limit the vibration energy transmission

from the glass ceramic to the micro-electromechanical system. In

this manner the life span of the micro-electromechanical system

can be prolonged.

The induction hob according to the embodiment may be configured

in a way that plural substances can be synchronously heated on

the cooktop 2250 and each heating zone is provided with a ther-



mal sensor 2220, while preferably only one micro-

electromechanical system e.g. needs to be provided to detect vi

brations caused by an audible sound emanated from all substances

heated on all of the heating zones indicated by 1100 to 1400 in

Fig. 1 .

Once the boiling of a respective substance is detected, consult

ing the respective temperature sensor indicating the highest

temperature, the respective heating zone can be identified and

corrective measures in order of controlling power supplied to

the induction coil 2200 can be taken, preferably in a manner

that the power supplied to the induction coil 2200 is lowered in

order to allow a simmering of the previously boiled substance

for a predetermined amount of time.

Usually, a micro-electromechanical system is a device that is

also used in mobile phones and is widely available and reliable

and maybe used in a cost-efficient manner as a mass market de

vice for household appliances.

On the other hand, it is conceivable that a micro-

electromechanical system as part of a mobile device is used di

rectly by putting a mobile phone on the cooktop 2250 and allow

ing it to communicate with the controller 2400 or 2600 via near

field communication or any other wireless suitable communica

tion. In such a case, the micro-electromechanical system 2500

would not be required. On the other hand, if this is the case,

the indicator could alarm a user to put his mobile phone on the

cooktop in order to allow the automated function to be per-

formed. The micro-electromechanical system 2500 may be part of

an accelerometer subsystem which prepares signals detected by

the micro-electromechanical system for communication to the con

troller 2400.



Beneficially, the accelerometer subsystem is placed in contact

with the cooktop and protected by a shield of a dielectric layer

beneficially made from 1 mm of mica in order to detect accelera

tion variations due to vibrations caused by audible sounds of a

pot 2100, the shield may extend sufficiently over the micro-

electromechanical system in order to protect it from an electric

field or disturbances caused be magnetic waves. Beneficially, it

may be glued to the cooktop 2250 from underneath. Instead or in

addition a printed circuit board can be used for mounting and

better protection of micro-electromechanical system as described

above .

Beneficially, according to the present invention, an automated

function started e.g. by a button 1610 shown in Fig. 1 , detects

or starts any pot and a related heating zone on the induction

hob containing a boiling substance and indicates a boil detec

tion to a user through the human interface 1600 shown in Fig. 1;

and after a suitable amount of time reduces the power supplied

to the respective heating zone to maintain the substance simmer-

ing. A micro-electromechanical system has the advantage that it

has no inertia which provides for a speed advantage over temper

ature sensors as the heat generated in the boiling substance and

in the pot 2110, 2100 needs to be transmitted from the pot

through the cooktop 2250 to the temperature sensor 2220.

Fig. 3 shows a vibration curve over time during a heating of a

substance on an induction hob according to an embodiment of the

present invention, e.g. a configuration according to Fig. 2 may

be used to generate this diagram.

Upward, a sound level 3200 is indicated, and to the right the

time 3100 is indicated. In an initial state, energy is switched

on, e.g. by putting a pot on the induction hob, detecting the

presence of the pot and pushing the auto button 1610 on the hob.



Then, power is supplied to an induction coil in order to heat

the pot and the substance within the pot by generating eddy cur

rents in the conducting material of the pot. At this stage 3150,

almost no audible sound is generated and the vibrations associ-

ated to audible sound generally stay at a lower level. In this

context, it is assumed that the energy supplied to the induction

coil is constant. It may be a maximum power or it may be a spe

cial heat-up configuration power or it may be any desired energy

level associated and suitable to a cooking process.

At a certain point in time, a positive gradient can be deter

mined indicating a pre-boil phase at 3250. Later, a maximum will

be passed and a negative gradient of the vibration curve can be

detected. At 3250, a boil starting phase is indicated. 3500 re-

fers to a filtered curve, whereas 3600 refers to a measured

curve. For instance, a signal measured by a micro-

electromechanical system may be subject to fast Fourier trans

form to transform it to a frequency power spectrum and to filter

unwanted frequencies that have no origin in the cooking process.

Also frequencies originating of mains harmonics can be filtered

out .

Further, in order to improve the signal quality, a low-pass fil

ter can be used in order to further sort out signals that are

not related to a cooking process. The filtered curve is shown at

3500 .

Beneficially, according to a method of the present invention,

plural parallel algorithms can be carried out on the signal

which improves the possibility and the likelihood to securely

detect a boiling stage under various conditions with different

pots, different substance levels and different power levels.



Beneficially for every signal, it is detected and stored a sig

nal history in the form of e.g. different steps: detecting a

positive slope, a negative slope, a peak, an initial level and

subsequent evaluation of conditions and refining the gained in-

formation for decision making to securely attribute cooking

stages such as in particular boiling and simmereing.. Here, this

means that e.g. certain conditions at a certain time are deter

mined and stored for further evaluation.

Advantageously, plural algorithms can be performed, e.g.

1 ) a detection of a maximum peak and subsequent descent may

be performed. It is e.g. known that boiling happens at the

back edge of the peak in an ideal case. Accordingly, boiling

can be detected securely and in an easy fashion, if such a

peak with a subsequent descent of the signal can be detect

ed. A boil detection signal can be generated, for instance

when a certain relationship between the maximum signal

strength and a subsequent signal is achieved, e.g. prefera-

bly a relationship of 0.4 is sufficient to indicate that

boiling took place. In this case, the signal can be used to

generate information in form of text as visible or audible

information indicated at the human interface.

Further steps can be performed in case a secure determination

according to 1 ) is not possible. In this case, beneficially, an

other determination

2 ) can be performed wherein a flat slope of the vibration

level is detected, which is, however, determined to be high

er than an initial level of the vibration. Flat means that

the level substantially stays the same over a time period

and only e.g. differs 5 % or 10 % . The states correspond to

3450 for the high level and to 3150 for the lower level at



the initial stage. Such a detection can be further improved

by combining it with a previous detection of a small peak,

respectively a negative slope.

On the other hand, if the methods according to 1 ) and 2 ) do not

lead to a secure detection, a further detection

3 ) can be performed which is solely based on the detection

of a flat slope at a final higher level and a lower level at

an initial state 3150. In this case, it might be beneficial

to use a longer observation period e.g. preferably 20 sec

onds or more preferably 30 seconds until a signal for boil

ing detection is generated to improve the security of the

detection .

Beneficially, according to embodiments of the present invention,

vibration detection is combined with temperature detection. In

duction hobs are usually equipped with a zone temperature sensor

that is conventionally measuring a temperature comprised of a

mix of the cold temperature, glass/pot temperature and induction

magnetic field. As a consequence of this mix of measurements,

the sensor information of such a temperature alone is usually

not suitable to give a precise indication of a boiling point.

Beneficially, the determination of boiling in a substance based

on vibrations and a micro-electromechanical system has a higher

priority than the determination based on a temperature sensor.

However, the temperature sensor can be used in case of plural

fluids or substances are boiling on different heating zones and

in case a boiling indication signal is generated by the genera

tor respectively the user interface controller in order to allo

cate the proper heating zone. In this case, the heating zone

having an associated thermal sensor indicating a higher tempera

ture is determined to support the pot containing a boiling sub-



stance, and a corresponding indication is given on the indicator

1650 .

Beneficially, respective temperature sensors 2220 can further be

used to increase the detection reliably by e.g. starting the

evaluation algorithm only once a cooking zone has reached a cer

tain temperature. Further, the detection can be stopped, if e.g.

an unusual unexpected temperature is indicated by a temperature

sensor associated to a heating zone.

In an automated cooking process according to an embodiment of

the method according to the present invention, and subsequent to

a detection of a boiling state in a substance contained in a pot

on a heating zone, energy supplied to an induction coil associ-

ated to that heating zone can be reduced in a manner to keep the

food in the pot at a simmering state. A power level at this

state properly supplied to the induction coil can be determined

in various ways. For instance, a level of vibrations registered

at an initial level 3150 in Fig. 3 can be compared with a vibra-

tion level at strong boiling, e.g. at 3450 shown in Fig. 3 .

A simmering power level can e.g. be adjusted relative to these

two levels in order to achieve a simmering level corresponding

to a vibration level scaled in between these two levels. Propor-

tionally, associated power levels will be used to determine the

corresponding simmering level. On the other hand, in case where

a temperature sensor indicates that a boil detection has been

based on cooking started from a cold state, a time can be meas

ured from a cold state and an amount of water respectively

cooked substance can be estimated from the time and integrated

power derived by measuring the time under constant respective

power until boiling takes place. This allows to determine the

amount of water and correspondingly allows to associate an

amount of energy to be provided to this substance in order to



keep it at a simmering state by e.g. providing a table that al

locates a certain energy to a certain mass of substance to be

cooked and looking the required energy needed for the respective

mass up in the table.

As Fig. 4 shows, a computer program product 4000 is comprised

e.g. of a data carrier, such as a storage card 4100 and instruc

tions 4200 respectively 4300 stored on the storage card 4100.

For instance, these instructions can be read by a controller

2400 in an induction hob and cause it to perform boiling detec

tion, calculation of energy to be required for simmering and

control of cooking zones as explained above.



List of reference numerals

1000 : induction hob;

1100, 1200,

1300, 1400: heating zones;

1500 : vibration sensor, accelerometer , micro-

electromechanical system;

1600 : human interface;

1630, 1640,

1650, 1660: selectors for heating zones;

1670 on/off switch;

1610 automated function switch;

1680 indicator ;

2000 induction hob configuration;

2100 pot ;

2110 cooking substance;

2250 cooktop;

2200 induction coil;

2300 induction generator;

2400 controller ;

2410 connecting line;

2600 user interface controller;

2510 connecting line;

2220 thermal sensor;

2230 connecting line;

2210, 2220: lines for feeding power to induction coil;

2500 : accelerometer subsystem respectively micro-

electromechanical system;

2505 dielectric shielding material;

3000 vibrations over time chart;

2200 vibrations ;

3100 time ;

1330 initial stage;

3250 pre-boil stage;



3350 boil start stage;

3450 boiling stage at a higher vibration level 3150;

4000 computer program product;

4200, 4300 computer-readable instructions;

4100 : data carrier.



Claims

An induction hob (1000) with boiling detection and induction

power control at least comprising:

two induction heating zones (1100, 1200);

a temperature sensor (2200) associated to a heating zone

(1100, 1200);

a micro-electromechanical system (2500) as acceleration de

tector ;

an induction generator (2300);

a controller (2400), wherein the controller (2400) is con

nected to the induction generator (2300), the micro-

electromechanical system (2500) and the at least a tempera

ture sensor (2200); and

the controller (2400) is adapted to identify the presence of

a boiling substance on at least one of the heating zones

(2100, 2200) based on the temperature sensor (2200) and the

micro-electromechanical system (2500) detecting audible

sound vibrations emitted during a normal heating operation

by at least independently evaluating a peak sound level and

a flat slope sound level; and is adapted to control the pow

er supplied to the identified heating zone (1100, 1200) .

The induction hob (1000) according to claim 1 , wherein the

micro-electromechanical system (2500) is located between the

heating zones (1100, 1200, 1300, 1400) .

The induction hob (1000) according to any one of the previ

ous claims, wherein the micro-electromechanical system

(2500) is located in the center of the heating zones (1100,

1200, 1300, 1400) .



The induction hob (1000) according to claim 3 , wherein the

micro-electromechanical system (2500) is attached to a cook-

top (2250) and isolated by a dielectric layer (2505).

The induction hob (1000) according to claim 4 , wherein the

dielectric layer is made from mica.

The induction hob (1000) according to any one of the previ

ous claims, further comprising a user interface (1600) con

nected to a user interface controller (2600) in turn con

nected to the controller (2500) and adapted to indicate a

boiling state.

The induction hob (1000) according to any one of the previ

ous claims, wherein the controller is adapted to control the

power supplied to the identified heating zone (1100, 1200)

for keeping the substance in a simmering state.

The induction hob (1000) according to claim 7 , adapted to

control the power based on a relationship of a sound level

at an initial state and a sound level at a boiling state.

The induction hob (1000) according to claim 7 , wherein the

controller is adapted to base the power control on the heat

ing behavior in form of a temperature-over-time measurement

leading to a mass calculation of the substance to be heated.

The induction hob (1000) according to any one of the previ

ous claims, further comprising an automated function button

to start an automated boiling simmering function based on

pot detection, boiling detection and power control to estab

lish simmering.



11. A method for heating food, comprising:

heating food on at least two heating zones (1100,

1200) ;

measuring audible sound vibrations (2500) during normal

heating of food;

measuring a temperature associated to a respective

heating zone (1100, 1200);

detecting a maximum vibration level and a negative gra

dient in the vibration level in the measured vibrations

over time;

independently detecting a flat slope vibration level;

identifying a respective cooking zone (1100, 1200)

based on information of the temperature sensor indicat

ing a higher temperature at the heating zone to be

identified and the independently detected vibration

level information; and

- indicating a respective heating zone.

12. The method according to claim 11, wherein a heating zone is

indicated, once a relationship of current value of vibra

tions to a maximum value of vibration is 0.4.

13. The method according to any one of the claims 11 to 12,

wherein the heating zone is detected, in case a flat slope

of vibration level is detected that is higher at an initial

level of vibrations for at least 30 seconds.

14. The method according to any one of the claims 11 to 13,

wherein the power supplied to the indicated heating zone

(1100, 1200) is reduced based on a sound level relationship

between an initial state and a boiling state or on a temper

ature gradient determined over time leading to a determina

tion of the mass to be heated.



A computer program product for an induction hob (4000) com

prising computer-readable instructions (4200, 4300) on a da

ta carrier (4100), that when read by a controller of an in

duction hob and executed cause the controller to carry out

the method steps according to any one of the claims 11 to 14

as process steps.
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