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Description

[0001] The subject of the invention is an automated
cooking appliance with automated control of the cooking
process. In particular the invention refers to a cooking
plate (gas, electric, halogen, ceramic, or induction plate),
optionally combined with an oven, either separate or in-
tegral with the cooking plate in common housing.
[0002] Many attempts have been undertaken to devel-
op various means of control of the cooking process. Of
particular interest are those that make use of vibrations
and sounds generated during heating of cooking vessels
like pots, kettles and pans. Known solutions related to
the proposed invention can be roughly assigned to one
of three groups: identification of the vessel physical po-
sition on the cooking plate, identification of boiling inside
the cooking vessel, and use of microphones to register
the sounds accompanying the cooking appliance usage.
[0003] In the first group, European patent applications
EP2600690 A2 and EP2600691 A2 (Franco G.C. et al.,
ES / BSH BOSCH SIEMENS HAUSGERAETE, DE
05.06.2013) disclose a cooking hob. The device has a
cooking plate provided with a free installation position for
heating a pot. Position of a movable heating unit is ad-
justed to random position of the pot on the plate. A control
unit receives a signal from an installation measurement
unit to initiate determination of the installation position.
The measurement unit comprises installation sensors,
i.e. vibration sensors or accelerometers, placed under
the hob and communicating with the plate. The control
unit roughly determines the installation position based
on spacing parameters i.e. signal propagation times.
These signals propagate from the pot to one, two or three
vibrations sensors. In the embodiments with one or two
sensors, these are mounted, respectively, at one corner
or two adjacent corners of the plate. In the third embod-
iment the additional third sensor is mounted in the middle
of the opposite side of the plate. The heating unit is inte-
grally formed with a position measurement unit.
[0004] Japanese patent document JP2012084531 A
(MITSUBISHI ELECTRIC CORP., MITSUBISHI ELEC-
TRIC HOME APPL., JP, 08.12.2011) discloses an induc-
tion heating cooker that includes a plurality of heating
coils which are substantially uniformly distributed below
a top plate. When one or more heated objects are mount-
ed on the top plate, their positions are mapped relative
to the coils with use of a web of sensors mounted beneath
the plate. An output of at least one heating coil that is not
fully covered by heated object is terminated or reduced
when induction heating is performed.
[0005] Another Japanese patent document
JP2011171207 A (Fujinami T., Sadahira T., JP / PANA-
SONIC CORP., 08.12.2011) describes a heating cooker
that comprises a top plate, a plurality of heating units, a
heating controller for controlling heating power of the
heating unit, a plurality of vibration detectors for detecting
vibration of the top plate, and a device controller, which
is connected to the heating controller and the vibration

detectors, and controls the entire device. When the vi-
bration detector detects vibrations of the top plate, the
device controller determines which of the heating units
generates vibrations from a phase difference of plurality
of vibration waveforms detected by the vibration detector.
Heating power of the heating unit is changed by the heat-
ing controller accordingly.
[0006] Different approach to positioning of a cooking
vessel on the hob is described in Japanese patent doc-
ument JP2011124116 A (Yamada S. et al., JP / PANA-
SONIC CORP., 23.06.2011) which discloses the electro-
magnetic cooker that includes a position determining
means that compare a placement position and heating
position of the cooking vessel. A position sensor detects
the placing position so that heating can be performed
most efficiently. A notification control means notify that
the cooking vessel can be placed at a position where
heating can be most efficient, by making a top plate vi-
brate, so that the positional relation of the cooking vessel
and the heating device is determined.
[0007] An induction heating cooker which detects ex-
istence of a heated object and a shape (outline) of its
bottom is disclosed in Japanese patent document
JP2010080187 A (Imai S. et al., JP / PANASONIC
CORP., 08.04.2010). The induction heating cooker in-
cludes a heating coil for performing induction heating, a
heating control means controlling supply of high frequen-
cy current to the heating coil, a plate arranged on the
heating coil, the heated object subjected to induction-
heating by mounting on the plate, and a vibration sensor
at a lower part of the plate. The existence and shape of
the heated object can be determined on the basis of the
information transmitted from the vibration sensor, how-
ever the procedure is not disclosed in this document.
[0008] American patent application US2011253693
A1 (Lyons G., CA, Wittmeir M., DE, 20.10.2011) disclos-
es a method of monitoring and controlling a cooking en-
vironment. An infrared image sensor on the stove is used
with the IR light emitting diode to determine a location of
the cooking vessel. A sensor and a transmitter are dis-
posed in the vessel cover to detect and transmit an indi-
cation of a boil condition. A system includes a sensor to
detect a weight of a cooking vessel and a receiver to
receive from the cooking vessel a memory-stored prop-
erty of the cooking vessel, and a processing unit which
determines a weight of the food and a predicted cooking
time. The system includes a projected user interface and
a proximity sensor. An apparatus may include an image
sensor to capture a reference image and current images
of a surface. A location of a cell on the surface may be
determined from the images. The motion sensor in the
lid handle may be an acceleration sensor that senses
linear acceleration along one or more axes of the sensor,
to detect movement of the vessel cover relative to the
vessel and the stove, i.e. to detect a change of its position.
[0009] In the second group of inventions, i.e. those dis-
closing the attempts to control the cooking process, an
international patent application WO2014001097 A1
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(Bauer H.J. et al., DE / BSH BOSCH SIEMENS HAUS-
GERAETE, ROBERT BOSCH GMBH, 03.01.2014) dis-
closes the cooking device equipped with a cooking cham-
ber and at least one sensor for detecting at least one
property of the cooking chamber. At least one sensor is
a lambda sensor, which can protrude into the cooking
chamber. In this case determination of the state inside
the cooking chamber is based on chemical properties of
gases.
[0010] Control of the cooking state inside an electro-
magnetic oven boiler is proposed in Chinese patent doc-
ument CN102692040 A (Xiaohui L., CN / ZHEJIANG
UNIV. TECHNOLOGY, 26.09.2012). A micro accelera-
tion transducer chip detects a vibration signal transmitted
by a boiler body to a ceramic glass plate. The electro-
magnetic oven monitors the vibration of the ceramic glass
plate through the micro acceleration transducer in real
time. In case the current vibration acceleration exceeds
a preset threshold value, the judgment of boiling state
can be made. Otherwise, the judgment of non-boiling
state is selected. In the first case a first time meter is
started to record the heating time, and when the heating
time reaches a preset heating time value, the main power
source is switched off, the electromagnetic oven stops
heating temporarily, and a second time meter is started
to record the heating suspension time. When the heating
suspension time achieves a preset suspension time val-
ue, the main power source of the electromagnetic oven
is restarted to heat the boiler body.
[0011] Japanese patent document JP2011247526 A
(PANASONIC CORP., 08.12.2011) describes the cooker
including: a top plate forming the outer shell, a heater for
heating a cooking container, a heating controller for con-
trolling the heating power of the heater, a temperature
detector for detecting temperatures of the cooking con-
tainer, a vibration sensor for detecting vibrations of the
top plate, and a cooking container identifier for identifying
vibration characteristics of the cooking container based
on the detected values by the temperature detector and
the vibration sensor. The cooker is configured so that the
control contents of the heating controller vary according
to the detected results by the cooking container identifier,
which allows ways to detect boiling to switch according
to the characteristics of the cooking container.
[0012] Vibrations accompanying boiling of water are
explored in Chinese utility model application
CN201507964 U (Zhiyong W., CN, 16.06.2010). An in-
duction cooker comprises an upper cover, a panel and
a circuit control board, wherein the panel is arranged on
the upper surface of the upper cover. The upper cover
is also provided with a water vibrating sensor which com-
prises a shell, an inner cover, a piezoelectric ceramic
piece and a conductive column. The piezoelectric ceram-
ic piece is provided with an electric connecting wire which
is communicated with the circuit control board. By detec-
tion of vibrations dry burning and damage of the cook-
ware can be avoided.
[0013] More advanced approach is proposed in Japa-

nese patent document JP2009079891 A (Fukuda M. et
al., JP / MITSUBISHI ELECTRIC CORP., MITSUBISHI
ELECTRIC HOME APPL., 16.04.2009). A heating cook-
er has a top plate for placing the pan with prepared food,
a heating means for heating the pan through the top plate,
a vibration sensor detecting the pan vibrations, connect-
ed to a smoothing circuit, and a processor determining
whether the output of the vibration sensor is related to
disturbance other than vibration of the pan caused by
heating when the output value of the vibration sensor
exceeds the preset threshold, and determines the boiling
of the food by comparing the output value of the vibration
sensor with preset values.
[0014] Even more sophisticated approach is proposed
in international patent application WO2007132674 A1
(Nagamitsu S., Noda M., JP / MATSUSHITA ELECTRIC
IND CO LTD, NAGAMITSU SACHIO, NODA MAKIKO,
22.11.2007), where conditions of an object to be heated
in a cooking container is accurately detected to more
effectively prevent a cooking failure. An induction heating
section heats the cooking container by induction heating.
A vibration detection section detects vibration of the
cooking container through a top plate. A vibration wave-
form extraction section extracts the vibration waveform
of a frequency component corresponding to a frequency
predetermined times higher than an induction heating
frequency. A determination section determines condi-
tions of the object to be heated based on the vibration
waveform extracted by the vibration waveform extraction
section.
[0015] In American patent US6236025 B1 (Berkcan E.
et al., US / GENERAL ELECTRIC, 22.05.2001) an acous-
tic sensing system for boil state detection and method
for determining boil state are proposed. The acoustic
sensing system includes at least one acoustic sensor
positioned on or in the cooking appliance to detect acous-
tic emissions in one or more specific ranges of frequen-
cies that are characteristic of emissions resulting from
the heating and boiling of liquids in a variety of cooking
utensils or vessels. Acoustic signals are filtered by a
band-pass filter, and a power spectrum is calculated to
determine current state of boiling in the cooking vessel
on a basis of the signal peak energy at pre-determined
frequencies.
[0016] Within the third group of inventions with a mi-
crophone applied, most of the solutions involve remote
voice control of cooking appliances. These are not relat-
ed to the proposed invention. In much smaller number
of solutions a microphone is used as a sensor of acoustic
noise. Again, most of these inventions are focused on
reducing noise generated during cooking, in particular
on the induction cooker, therefore they are not closely
related to the proposed invention. The example is Japa-
nese patent document JP2011175887 A (Takemura S.,
Niyama K., JP / PANASONIC CORP., 08.09.2011) where
generation of noise with reverse phase, i.e. opposite to
the phase of the noise detected with the microphone, is
proposed.
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[0017] German patent application DE10058671 A1
(Dorwarth R., DE / EGO ELEKTRO GERAETEBAU GM-
BH, 29.05.2002) discloses a cooking vessel on a ceramic
plate over a heating element which has a restricted outlet
for the steam having a supersonic whistle sensed by a
microphone connected to the receiving unit whose output
is fed to a control unit controlling the heating element.
[0018] In Japanese patent document JP20092250444
A (Niwa T., JP / PANASONIC CORP., 29.10.2009) the
sound generated by a spark in a microwave oven is de-
tected by a microphone mounted on the wall of the cook-
ing chamber. Signal processing is performed while
switching filters by a signal processing means having a
group of filters of various characteristics. Determination
of the spark and the control of the motion of a magnetron
are performed by a microcomputer as a spark determin-
ing means.
[0019] According to the solution proposed in another
invention of the same inventor JP2009127923 A (Niwa
T., JP / PANASONIC CORP., 11.06.2009) the sound
generated accompanied by the spark is guided to a mi-
crophone disposed on a place of a good temperature
condition, i.e. separated from the cooking chamber, by
a sound guide path.
[0020] Extended analysis of sounds registered by a
microphone is proposed in German patent application
DE102007058936 A1 (Erdmann K., DE / BSH BOSCH
SIEMENS HAUSGERAETE, 10.06.2009). The sensor
device has a connection alternative for an acoustic sen-
sor which is a microphone to detect noise of a household
appliance. An evaluation unit is provided, which is ar-
ranged in such a manner that the noise is recognized
and produces an output signal that is dependent on the
noise for a household appliance.
[0021] None of the above described inventions solves
satisfactorily the problem of automated control of the
cooking appliance. This technical problem is of great im-
portance, in particular for elderly or disabled people, but
also in relation to small children which are much more
than adults exposed to dangerous events in the kitchen.
Automation of the food processing at home increases
safety in the kitchen and accounts for greater comfort of
life, especially for physically impaired people. But also
for relatively young and healthy population the advantag-
es of saving time and energy are of high concern.
[0022] Proposed invention is a step forward in auto-
mated control of the cooking process and it offers the
technical means for detection, extraction and evaluation
of information that is contained in mechanical and/or
acoustical noise generated during the cooking process.
This invention enables to make use of both quasi-random
noise accompanying cooking as well as vibration effects
that occur during placing or removing the pot from the
cooking plate. The vibrations and noise can be treated
as deterministic or indeterministic signals, therefore var-
ious analytical approaches can be applied.
[0023] In the proposed invention an automated cook-
ing appliance comprises at least one heating device, e.g.

a gas, electric, ceramic, halogen or induction heater, and
at least one sensor of mechanical or acoustic vibrations.
The core of the invention is in that this at least one sensor
of mechanical or acoustic vibrations is a 3-axis acceler-
ometer, capable to detect vibrations in three dimensions
and to convert them into the electric signals, either ana-
logue or digital.
[0024] Although in many of known solutions applica-
tion of an accelerometer was proposed, this invention is
a significant breakthrough against the commonly accept-
ed solutions. Vibrations of the cooking plate are very com-
plex physical 3D (3-dimensional) phenomena. Spatial
(3D) distribution of the vibration modes carries much
more information than even simple multiplication of the
number of 1 D modes by 3, i.e. by the number of dimen-
sions (coordinates). In some cases the modes of vibra-
tions transverse to the cooking plate are predominant.
The example is placing of a pot or falling of a drop of
water on the plate. In other cases longitudinal modes,
i.e. vibrations in a plane of the cooking plate (i.e. in di-
rections parallel to the cooking plate) are stronger. The
example is interaction of the bottom of the cooking vessel
with the cooking plate when the temperature increases
and the materials expand, or opposite, when the temper-
ature decreases and the materials shrink. Such interac-
tions depend strongly on the kind of the cooking appli-
ance. For example expansion of the vessel bottom fol-
lows that of the glass in ceramic plates with electric heat-
ers, while in induction heaters this is expansion of the
glass that follows that of the vessel bottom.
[0025] General approach is to calculate the coordi-
nates of a 4D vector (i.e. 3D+T: its value and direction in
3D space at given moment of time T). A series of 4D
vectors comprises all vibration/acoustic modes. This 4D
vector can be projected on selected directions, not nec-
essarily vertical or horizontal, and time-dependent wave-
forms characteristic for these directions can be calculat-
ed. The waveforms assigned to the same process (e.g.
boiling of water) but realised on different heaters can be
similar provided they are calculated from the 4D vector
projected on different directions.
[0026] The above analysis shows the power of control
of the cooking process, provided that at least one 3-axis
accelerometer is applied in the cooking appliance.
[0027] Directional analysis of spatial noises and vibra-
tions of the cooking plate enables to define position of
the noise source and characterize the phases of the cook-
ing process. The 3D waveforms characteristic for given
kind of the cooking appliance can be extracted and stored
in the cooking appliance memory. A library of such wave-
forms makes possible to control the cooking process
much more precisely than when the state-of-the-art 1 D
accelerometers are used.
[0028] Another essential feature of the invention is in
that the 3-axis accelerometer can be mounted under the
hob as in the examples presented above, or on the side
wall, ceiling, bottom, or the door of an oven, the micro-
wave oven included.
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[0029] In preferred embodiment the cooking appliance
comprises a cooking plate, and at least one heating de-
vice mounted beneath the cooking plate. At least one
sensor of mechanical or acoustic vibrations is mounted
on the corner of the bottom side of the cooking plate, in
physical contact with the cooking plate.
[0030] In more complex embodiment the cooking ap-
pliance contains two sensors of mechanical or acoustic
vibrations mounted diagonally on two opposite corners
of the cooking plate. Accuracy of calculations can be in-
creased with data harvested from two instead of one sen-
sors. Diagonal placing of the sensors minimizes the
measuring errors. Besides, in most common cooking
plates with four heaters, diagonal positioning of the sen-
sors divides the plate on two symmetric zones, therefore
accuracy of control of the cooking process can be the
same for each heater.
[0031] In even more advanced embodiment the cook-
ing appliance contains three or four sensors of mechan-
ical or acoustic vibrations mounted on three or four cor-
ners of the cooking plate, respectively.
[0032] In mostly recommended embodiment all sen-
sors of mechanical or acoustic vibrations in the cooking
appliance are the 3-axis accelerometers. However, com-
bination of only one 3-axis accelerometer with 1 D accel-
erometers can be a cheaper but still reasonably accurate
solution in some applications.
[0033] In a very practical application of the invented
cooking appliance it comprises an oven with side walls,
ceiling wall, bottom wall and door, wherein the oven is
provided with at least one heating device.
[0034] Also another embodiment of the cooking appli-
ance with automated control of the cooking process is
proposed, where identification of the controlled heater
mounted beneath the cooking plate in a case when more
than one heating device is switched-on is based on se-
lective switching-off of the heating devices for a short
period of time that is not disturbing the food processing,
with simultaneous analysis of the signals registered by
the sensors of mechanical or acoustic vibrations. Usually
the heaters are automatically switched on and off in reg-
ular intervals, according to the power pre-set manually,
to control the temperature inside the cooking vessel.
What is proposed in this invention is to introduce fully
controllable switching-on/off routines combined with si-
multaneous analysis of vibration/acoustic signals to fully
control a number of parallel (i.e. simultaneous) cooking
processes.
[0035] For example when a hob with four cooking ar-
eas is fully used, all four different processes, like boiling,
frying, roasting and heating, can be controlled even with
the only one 3-axis accelerometer used. The heaters can
be selectively switched-off by the controller for about
0.1-1 s. A "heating gap" as short as 0.5 s is usually long
enough to detect a change of the 3D vector. For more
precise characterisation of particular cooking processes
longer breaks in heating are required, lasting about 1-3
seconds. Overall process of cooking effectively remains

undisturbed, because after ending the heating gap the
controller increases or maximizes power supplied to the
heater for about 1-4 seconds and then returns to the pow-
er selected either manually by the user or automatically
by the controller. Selective switching-off can be applied
to various numbers of heaters at given moment of time.
For example if cooking process on given heater is ana-
lyzed, all other heaters can be switched-off simultane-
ously for a moment. According to another solution, the
heaters are switched-off in a sequence.
[0036] The cooking process is quasi-deterministic, so
its phase at given moment of time can be determined
from temporal evolution of the 3D vector of the vibra-
tion/acoustic signal and/or from temporal evolution of the
waveforms extracted from the 3D vector analysed in time
domain. Duration of samples determining instantaneous
3D vectors depends on particular routine and may vary
from about 1 ms to 100 ms (about 10 Hz to 1 kHz sampling
frequency).
[0037] In another series of embodiments of the pro-
posed cooking appliance with at last one 3-axis acceler-
ometer, at least one sensor of mechanical or acoustic
vibrations is a microphone, capable to detect audible
sounds and/or ultrasounds, and to convert them into the
electric signals, either analogue or digital.
[0038] At least one microphone can be placed on the
side wall, or ceiling wall, or bottom wall of the oven. This
simple solution can be applied to the cooking appliances
where the temperature of the oven casing is moderate,
e.g. in microwave ovens.
[0039] An oven where much heat is produced, e.g. for
baking in a temperature close to 200°C, require a mod-
ified approach. According to the other solution direct ex-
posure of the sensor to the heat from the oven is avoided,
because the at least one microphone is connected
acoustically with the interior of the oven by an acoustic
channel, and separated from the oven casing. This
acoustic channel is leading to the side wall, or ceiling
wall, or bottom wall of the oven. Geometry of the channel
is adjusted to acoustic characteristics of particular oven.
The channel or a part of it can be a solid or can be filled
with a thermal insulator that is neutral to the sounds, e.g.
soft mineral wool or aerogel.
[0040] The 3-axis accelerometer can be used to ana-
lyse vibrations and noises related to the oven door. Dur-
ing operation of the oven, the door can be slightly or fully
opened, closed or touched, e.g. by a child. Any of such
events produces characteristic vibrations. The door with
multiple (two, three or even more) glass panels is venti-
lated which generates noises specific to the conditions
inside the oven. Therefore it is recommended to mount
the 3-axis accelerometer in a vicinity of the oven door or
directly on the door of the cooking appliance, to detect
vibrations and transform them into usable signals.
[0041] In all above described solutions of the cooking
appliance all sensors of mechanical or acoustic vibra-
tions, i.e. the accelerometers and/or the microphones,
are connected through the analogue or digital filters to
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the processing unit provided with the memory. The output
of the processing unit is connected to the control unit that
controls the cooking appliance.
[0042] Digital filtering of the 3D signals (i.e. of the 4D
vectors) transmitted by the sensors is realised by the
processing unit and the filtered signals are compared with
the waveforms stored in the memory. Digital filtering can
include projecting the 4D vector on selected spatial di-
rections, as was described above. Other procedures like
transformation from time to frequency domain by e.g. the
Fourier transform are optionally included in digital filtering
as well.
[0043] The cooking appliance is very often a set of the
cooking plate and the oven which are adjusted to build-
ing-up in a dedicated kitchen furniture.
[0044] In a free-standing variant of the cooking appli-
ance the cooking plate and the oven are build in a com-
mon housing.
[0045] The natural environment of proposed cooking
appliance is a kitchen in an apartment or in a house,
however industrial use of the invention in a food factory,
a restaurant or the like is strongly recommended. The
cooking appliance can be automatically or manually con-
trolled, depending on preset programme (routine) exe-
cuted by the controller.
[0046] Selected features of the invention are illustrated
on the drawings, where:

- Fig. 1 shows schematically two examples of the
cooking appliance with the 3-axis accelerometer: a
cooking plate and an oven;

- Fig. 2 illustrates schematically a cooking appliance
comprising a cooking plate and an oven in a free-
standing housing; the hob is provided with two sen-
sors mounted diagonally in opposite corners of the
plate, while the oven has a 3-axis sensor on the door
and back wall, and a microphone communicating
with the oven through a sound guiding channel;

- Fig. 3 shows the 4D (or: 3D+T) vector of vibrations
V(x,y,z,t) in horizontal/vertical coordinates {x,y,z}
and its projections V(x’,y’,z’,t) in a specific set of spa-
tial coordinates {x’,y’,z’}, with extracted temporal
waveforms Vx’(t), Vy’(t), Vz’(t);

- Fig. 4 illustrates schematically detection and analy-
sis of the vibration/acoustic signal; in illustrated ex-
ample the filter converts three temporal waveforms
into three functions of frequency with use of the Fou-
rier transform.

[0047] The preferred embodiments of the system ac-
cording to the invention are described hereinafter.
[0048] The automated cooking appliance comprises at
least one heating device and at least one sensor of me-
chanical or acoustic vibrations. This sensor (1) of me-
chanical or acoustic vibrations is a 3-axis accelerometer

(1A), capable to detect vibrations in three dimensions
and to convert them into the electric signals, either ana-
logue or digital.
[0049] The cooking appliance comprises a cooking
plate (2), and at least one heating device (3) is mounted
beneath the cooking plate. Preferably four heaters are
mounted beneath the cooking plate, but embodiments
with two heaters or only one heater are equally interest-
ing, especially in the induction stoves. The sensor (1, 1A)
of mechanical or acoustic vibrations is mounted on the
corner of the bottom side of the cooking plate, in physical
contact with the cooking plate, about 3-4 cm from the
edges of the plate.
[0050] In the embodiment containing two sensors (1,
1A) of mechanical or acoustic vibrations these are mount-
ed diagonally on two opposite corners of the cooking
plate. In the cooking appliances that contain three or four
sensors (1, 1A) of mechanical or acoustic vibrations,
these are mounted on three or four corners of the cooking
plate, respectively.
[0051] Preferably all sensors (1) of mechanical or
acoustic vibrations are the 3-axis accelerometers (1A).
[0052] In the cooking appliance according to the inven-
tion at least one sensor (1) of mechanical or acoustic
vibrations is a microphone (1 M), capable to detect au-
dible sounds and/or ultrasounds and to convert them into
the electric signals, either analogue or digital.
[0053] The cooking appliance comprises an oven (4)
with the side walls (4S), ceiling wall (4C), bottom wall
(4B) and the door (4D), wherein the oven is provided with
at least one heating device. At least one microphone (1
M) is placed on the side wall, or ceiling wall, or bottom
wall of the oven. Alternatively, this microphone (1 M) is
connected acoustically with the interior of the oven by an
acoustic channel (5), and separated from the oven walls.
The acoustic channel is leading to the side wall, or ceiling
wall, or bottom wall of the oven. This channel can be
shaped from a peace of metal acting as a waveguide for
acoustic waves.
[0054] In another embodiment the accelerometer (1A)
is mounted in a vicinity of the oven door or directly on the
door.
[0055] All sensors (1, 1A, 1M) of mechanical or acous-
tic vibrations are connected through the analogue or dig-
ital filters (6) to the processing unit (7) provided with the
memory (8), and the output of the processing unit is con-
nected to the control unit (9) of the cooking appliance.
[0056] Digital filtering is realised by the processing unit
(7) and the filtered signals are compared with the wave-
forms stored in the memory (8).
[0057] Preferably the cooking plate (2) and the oven
(4) are adjusted to building-up in a dedicated kitchen fur-
niture. Alternatively, the cooking plate (2) and the oven
(4) are build in a common free-standing housing.
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Claims

1. An automated cooking appliance comprising at least
one heating device and one or more sensors of me-
chanical or acoustic vibrations connected directly or
indirectly to a control unit, wherein at least one sen-
sor (1) of mechanical or acoustic vibrations is a 3-
axis accelerometer (1 A), capable to detect three
spatial components (Vx, Vy, Vz) of vibration vector
(V) in three independent directions (x, y, z) and to
convert them into three independent electric signals
(Vx(t), Vy(t), Vz(t)), either analogue or digital, and to
feed these signals to the control unit (9), character-
ised in that the control unit (9) has a means to de-
termine a phase of the cooking process on a basis
of temporal evolution of the 3-component vector (Vx,
Vy, Vz’) of vibration/acoustic signal in transformed
spatial coordinates (x’, y’, z’), and temporal evolution
of the vibration/acoustic waveforms (Vx,(t), Vy(t),
Vz.(t)) extracted from the 3-component vector ana-
lysed in time (t) domain in transformed spatial coor-
dinates (x’, y’, z’).

2. The cooking appliance according to claim 1 charac-
terised in that it comprises a cooking plate (2), and
at least one heating device (3) is mounted beneath
the cooking plate, and at least one sensor (1, 1A) of
mechanical or acoustic vibrations is mounted on the
corner of the bottom side of the cooking plate, in
physical contact with the cooking plate.

3. The cooking appliance according to claim 2 charac-
terised in that it contains two sensors (1, 1A) of
mechanical or acoustic vibrations mounted diago-
nally on two opposite corners of the cooking plate.

4. The cooking appliance according to claim 2 charac-
terised in that it contains three or four sensors (1,
1A) of mechanical or acoustic vibrations mounted on
three or four corners of the cooking plate, respec-
tively.

5. The cooking appliance according to claim 1 or 2 or
3 or 4 characterised in that all sensors (1) of me-
chanical or acoustic vibrations are the 3-axis accel-
erometers (1A).

6. The cooking appliance according to claim 1 or 2 or
3 or 4 characterised in that at least one sensor (1)
of mechanical or acoustic vibrations is a microphone
(1M), capable to detect audible sounds and/or ultra-
sounds and to convert them into electric signals, ei-
ther analogue or digital.

7. The cooking appliance according to any of preceding
claims characterised in that it comprises an oven
(4) with the side walls (4S), ceiling wall (4C), bottom
wall (4B) and door (4D), wherein the oven is provided

with at least one heating device.

8. The cooking appliance according to claim 7 charac-
terised in that at least one microphone (1 M) is
placed on the side wall, or ceiling wall, or bottom wall
of the oven.

9. The cooking appliance according to claim 7 charac-
terised in that at least one microphone (1 M) is con-
nected acoustically with the interior of the oven by
an acoustic channel (5), and separated from the ov-
en walls, and where the acoustic channel is leading
to the side wall, or ceiling wall, or bottom wall of the
oven.

10. The cooking appliance according to claim 7, or 8, or
9 characterised in that the accelerometer (1A) is
mounted in a vicinity of the oven door or directly on
the door.

11. The cooking appliance according to any of claims
from 1 to 10 characterised in that the cooking plate
(2) and the oven (4) are adjusted to building-up in a
dedicated kitchen furniture, or the cooking plate (2)
and the oven (4) are build in a common free-standing
housing.

12. The cooking appliance according to any of preceding
claims characterised in that all sensors (1, 1A, 1M)
of mechanical or acoustic vibrations are connected
through at least one analogue or digital filter (6) to
the processing unit (7) provided with the memory (8),
and wherein the output of the processing unit is con-
nected to the control unit (9) controlling the cooking
appliance.

13. The cooking appliance according to claim 12 char-
acterised in that digital filtering is realised by the
processing unit (7) and the filtered signals are com-
pared with the vibration/acoustic waveforms stored
in the memory (8).

14. The cooking appliance according to any of preceding
claims characterised in that the vibration/acoustic
waveforms are stored in the memory (8) either in
time (t) domain (Vx’(t), Vy’(t), Vz’(t)) or in frequency
(f) domain (Vx’(f), Vy’(f), Vz’(f)).

15. The cooking appliance according to claim 12 or 13
characterised in that the control unit (9) is equipped
with the identification means for identification of the
controlled heating device (3) mounted beneath the
cooking plate (2), and when more than one heating
device is switched-on the identification means iden-
tify the controlled heating device on a basis of selec-
tive switching-off and switching-on of the heating de-
vices for short periods of time that do not disturb the
food processing, with simultaneous analysis of the
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signals registered by the sensors (1, 1A) of mechan-
ical and/or acoustic vibrations.

Patentansprüche

1. Automatischer Herd bestehend aus mindestens ei-
nem Heizgerät und mindestens einem Sensor für
mechanische oder akustische Vibration, dadurch
gekennzeichnet dass mindestens ein Sensor (1)
für mechanische oder akustische Vibration als drei-
dimensionaler (3D) Beschleunigungsmesser ausge-
führt ist, der Vibrationen in drei Dimensionen erken-
nen und sie in elektrische analoge oder digitale Si-
gnale umwandeln kann.

2. Herd nach Anspruch 1, dadurch gekennzeichnet,
dass er ein Kochfeld (2) aufweist und dass mindes-
tens ein Heizgerät (3) oberhalb des Heizfelds ange-
bracht ist und mindestens ein Sensor (1, 1A) der
mechanischen oder akustischen Vibrationen in der
Ecke des Kochfeldbodens mit physikalischem Kon-
takt zum Kochfeld angebracht ist.

3. Herd nach Anspruch 2, dadurch gekennzeichnet,
dass er über zwei Sensoren (1, 1A) für mechanische
oder akustische Vibrationen verfügt, welche diago-
nal an zwei gegenüberliegenden Ecken des Koch-
felds angeordnet sind.

4. Herd nach Anspruch 2, dadurch gekennzeichnet,
dass er über drei oder vier Sensoren (1, 1A) für me-
chanische oder akustische Vibrationen verfügt, wel-
che an drei oder vier Ecken des Kochfelds angeord-
net sind.

5. Herd nach Ansprüchen 1, 2, 3 oder 4, dadurch ge-
kennzeichnet, dass alle Sensoren (1) der mecha-
nischen oder akustischen Vibrationen als dreidimen-
sionale Beschleunigungsmesser (1A) ausgeführt
sind.

6. Herd nach einem der oben genannten Ansprüche,
dadurch gekennzeichnet, dass mindestens ein
Sensor (1) der mechanischen oder akustischen Vi-
brationen als Mikrofon (1M) ausgeführt ist, das hör-
bare Töne und/oder Ultraschall übertragen und sie
in elektrische analoge oder digitale Signale umwan-
deln kann.

7. Herd nach einem der oben genannten Ansprüche,
dadurch gekennzeichnet, dass er einen Ofen (4)
aufweist, der über vier Seitenwände (4S), eine De-
cke (4C), einen Boden (4B) und eine Tür (4D) ver-
fügt, wobei der Ofen mit mindestens einem Heizge-
rät ausgerüstet ist.

8. Herd nach Anspruch 7, dadurch gekennzeichnet,

dass mindestens ein Mikrofon (1M) an der Seiten-
wand, Decke oder am Boden des Ofens angebracht
ist.

9. Herd nach Anspruch 7, dadurch gekennzeichnet,
dass mindestens ein Mikrofon (1M) mit dem Innen-
raum des Ofens über akustischen Kanal (5) verbun-
den und vom Ofen getrennt ist, wobei der akustische
Kanal zur Seitenwand oder Decke oder Boden des
Ofens führt.

10. Herd nach Anspruch 7, 8 oder 9, dadurch gekenn-
zeichnet, dass in der Nähe der Ofentür oder direkt
an der Ofentür der Beschleunigungsmesser (1A)
montiert ist.

11. Herd nach einem der oben genannten Ansprüche,
dadurch gekennzeichnet, dass alle Sensoren (1,
1A, 1M) für mechanische oder akustische Vibratio-
nen über mindestens ein analoges oder digitales Fil-
ter (6) mit der Verarbeitungseinheit (7) miteinander
verbunden sind, wobei der Ausgang der Verarbei-
tungseinheit mit der Steuerung (9) des Herds ver-
bunden ist.

12. Herd nach einem der oben genannten Ansprüche,
dadurch gekennzeichnet, dass die Verarbeitungs-
einheit (7) die Signale digital filtriert und die gefilter-
ten Signale mit der Form der im Speicher abgelegten
Wellen verglichen werden.

13. Herd nach einem der oben genannten Ansprüche 1
bis 12, dadurch gekennzeichnet, dass das Koch-
feld (2) und der Ofen (4) zum Einbau in ein geeig-
netes Möbelstück geeignet sind oder das Kochfeld
(2) und der Ofen (4) in ein freistehendes Gehäuse
eingebaut sind.

14. Verfahren für automatische Kontrolle des Kochpro-
zesses, dadurch gekennzeichnet, dass die Iden-
tifikation des gesteuerten unterhalb des Kochfelds
befindlichen Heizkörpers bei eingeschalteten meh-
reren Heizgeräten über selektives Aus- und Ein-
schalten der Heizgeräte für kurze Dauer erfolgt, so-
dass die Verarbeitung der Lebensmittel nicht gestört
wird, bei gleichzeitiger Analyse der Signale, welche
durch die Sensoren für mechanische und/oder akus-
tische erfasst werden.

15. Verfahren nach Anspruch 14, dadurch gekenn-
zeichnet, dass die Koch-Prozessstufe durch die pe-
riodische Evolution des 3D-Vektors der Vibratio-
nen/des akustischen Signals und/oder der periodi-
schen Evolution der Form der Wellen, die sich aus
dem 3D-Vektor ergeben und in der Zeitdomäne be-
trachtet werden, bestimmt ist.
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Revendications

1. Dispositif automatique de cuisson, comprenant au
moins un dispositif chauffant et au moins un capteur
de vibrations mécaniques ou acoustiques caracté-
risé en ce qu’au moins un capteur (1) de vibrations
mécaniques ou acoustiques constitue un accéléro-
mètre tridimensionnel (3D), capable de détecter des
vibrations en trois dimensions et de les convertir en
signaux électriques analogiques ou numériques.

2. Dispositif de cuisson selon la revendication 1, ca-
ractérisé en ce qu’il comprend une plaque de cuis-
son (2) et en ce qu’au moins un dispositif chauffant
(3) est installé au-dessous de la plaque de cuisson,
et au moins un détecteur (1, 1A) de vibrations mé-
caniques ou acoustiques est installé dans l’angle de
la face inférieure de la plaque de cuisson, en contact
physique avec la plaque de cuisson.

3. Dispositif de cuisson selon la revendication 2, ca-
ractérisé en ce qu’il comprend deux détecteurs (1,
1A) de vibrations mécaniques ou acoustiques, ins-
tallés en diagonale dans deux angles opposés de la
plaque de cuisson.

4. Dispositif de cuisson selon la revendication 2, ca-
ractérisé en ce qu’il comprend trois ou quatre dé-
tecteurs (1, 1A) de vibrations mécaniques ou acous-
tiques, installés dans trois ou quatre angles corres-
pondants de la plaque de cuisson.

5. Dispositif de cuisson selon l’une des revendications
1, 2, 3 ou 4, caractérisé en ce que tous les détec-
teurs (1) de vibrations mécaniques ou acoustiques
sont des accéléromètres tridimensionnels 3D (1A).

6. Dispositif de cuisson selon l’une quelconque des re-
vendications précédentes, caractérisé en ce qu’au
moins un détecteur (1) de vibrations mécaniques ou
acoustiques est constitué par un microphone (1 M),
capable de capter des sons audibles et/ou des ul-
trasons et de les convertir en signaux électriques
analogiques ou numériques.

7. Dispositif de cuisson selon l’une quelconque des re-
vendications précédentes, caractérisé en ce qu’il
comprend un four (4) avec des parois latérales (4S),
une paroi supérieure (4C), une paroi inférieure (4B)
et une porte (4D), le four mentionné étant équipé
d’au moins un dispositif chauffant.

8. Dispositif de cuisson selon la revendication 7, ca-
ractérise en ce que sur la paroi latérale, supérieure
ou inférieure du four, est placé au moins un micro-
phone (1M).

9. Dispositif de cuisson selon la revendication 7, ca-

ractérisé en ce qu’au moins un microphone (1M)
est raccordé acoustiquement avec l’intérieur du four
par un canal acoustique (5), et isolé des parois du
four, le canal acoustique aboutissant à la paroi laté-
rale ou aux parois supérieure ou inférieure, du four.

10. Dispositif de cuisson selon l’une des revendications
7, 8 ou 9, caractérisé en ce qu’à proximité de la
porte du four ou directement sur elle est installé un
accéléromètre (1A).

11. Dispositif de cuisson selon l’une quelconque des re-
vendications précédentes, caractérisé en ce que
tous les capteurs (1, 1A, 1M) de vibrations mécani-
ques ou acoustiques sont raccordés par au moins
un filtre analogique ou numérique (6) à l’unité cen-
trale de traitement (7) équipée de mémoire (8), et ou
la sortie de l’unité centrale de traitement est raccor-
dée à l’unité de commande (9), commandant le dis-
positif de cuisson.

12. Dispositif de cuisson selon l’une quelconque des re-
vendications précédentes, caractérisé en ce que
le filtrage numérique est réalisé par l’unité centrale
de traitement (7), et les signaux filtrés sont comparés
avec les formes d’ondes sauvegardées dans la mé-
moire (8).

13. Dispositif de cuisson selon l’une quelconque des re-
vendications précédentes de 1 à 12, caractérisé en
ce que la plaque de cuisson (2) et le four (4) sont
adaptés à l’encastrement dans un meuble de cuisine
destiné à cela, ou bien la plaque de cuisson (2) et le
four (4) sont encastrés dans un logement isolé com-
mun.

14. Procédé de commande automatique du processus
de cuisson, caractérisé en ce que l’identification de
l’appareil de chauffage commandé, installé sous la
plaque de cuisson, dans le cas où est enclenché
plus d’un dispositif chauffant, est basée sur la mise
hors circuit et la mise en circuit sélective des dispo-
sitifs chauffant par une courte durée de temps, qui
ne perturbent pas le traitement des aliments, avec
l’analyse simultanée des signaux enregistrés par les
capteurs de vibrations mécaniques et/ou acousti-
ques.

15. Procédé selon la revendication 14, caractérisé en
ce que la phase du processus de cuisson est déter-
minée sur la base d’une évolution temporaire du vec-
teur 3D de vibration / signal acoustique et/ou d’une
évolution temporaire des formes d’ondes extraite de-
puis le vecteur 3D, analysée en domaine temporel.
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