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on an induction cooktop (10) having coils (204.20,), in-
cludes the steps: (a) acquire a coverage factor matrix;
(b) set a present level at a maximum value of the matrix;
(c) count closed iso-level curves corresponding to the
present level and save the result; (d) decrease the level
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curve to a distinct cluster (40, 42); and (j) use the clus-
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Description

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to a system and method for identifying cookware items placed on an
induction cooktop.

[0002] More specifically, the present invention concerns a method of identifying coil clustering to estimate at least one
of a position, shape, size and orientation of one or more cookware items placed on top of an induction cooktop having
a plurality of coils, preferably an induction cooktop of the flexible type. The present invention also concerns an induction
system specifically configured to carry out the above method.

BACKGROUND OF THE DISCLOSURE

[0003] When conventional cookware item pan detection techniques are applied to each individual coil, either a discrete
YES/NO or a continuous coverage factor information is available for each coil, but unfortunately this information is not
sufficient to determine the number, position, size, shape, and orientation of cookware items laid over the induction
cooktop 10.

[0004] Regarding conventional pan detection techniques, ES2362839 / EP2242328 essentially propose to generate
a first image whose "pixels" are representing the coverage factor in response of the overlying cookware items. Then it
proposes to identify a cohesive (i.e. contiguous) area made of neighboring cells having a coverage factor larger than a
predetermined threshold. Finally, it is proposed to apply a separation algorithm aimed at differentiating whether the
contiguous area corresponds to one cookware item or to multiple cookware items close to each other. However the
proposed method provides inaccurate results whenever the heating cell dimension is not sufficiently small compared to
the size of the cookware item.

[0005] Another relevant prior art reference is EP2034799, which proposes to first determine a cell covered by a
cookware item and then perform a selective search in a neighborhood of that cell, through a set of additional sensors.
[0006] The presentinventionisaimed atovercoming the limitations and drawbacks of the prior art thanks to the features
listed in the appended set of claims.

[0007] Additionalfeatures, advantages, and objects of the present disclosure will be further understood and appreciated
by those skilled in the art by reference to the following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings:

FIG. 1 is a top view of an induction cooktop having an array of coils;

FIG. 2A is a top view of the induction cooktop of FIG. 1 shown with two cookware items thereon with the coverage
factors of each coil indicated;

FIG. 2B is atop view of the induction cooktop of FIG. 1 shown with anincorrect estimate of the size, shape, orientation
and position of the cookware items shown in FIG. 2A;

FIG. 3is anelectrical circuit diagram in block form of an induction cooktop system using the induction cooktop of FIG. 1;
FIGS. 4 and 4A are a flow chart of an algorithm executed by the controller in FIG. 3;

FIG. 5 is a 3D coverage factor curve having an intersect plane at a present level;

FIG. 6 is a top view of the induction cooktop of FIG. 1 showing a triangular grid that connects the center of adjacent
coils;

FIG. 7 is a top view of the induction cooktop of FIG. 1 showing dummy coils with zero coverage factor added around
the existing coiled grid;

FIG. 8 is a 3D coverage factor curve having an intersect plane at a first level;

FIG. 8A is a closed curve determined from the intersect of the 3D coverage factor curve of FIG. 8 by the plane at
the first level;

FIG. 9 is a 3D coverage factor curve having an intersect plane at a second level;

FIG. 9A is a group of closed curves determined from the intersect of the 3D coverage factor curve of FIG. 9 by the
plane at the second level;

FIG. 10 is a 3D coverage factor curve having an intersect plane at a third level;

FIG. 10A is a closed curve determined from the intersect of the 3D coverage factor curve of FIG. 10 by the plane
at the third level;

FIG. 11 is a representation of a plurality of closed curves determined from intersection of the 3D coverage factor
curve of FIG. 8 by a plane at various levels;
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FIG. 12 is a graph of the number of closed curves versus level value;

FIG. 13 is a top view of the induction cooktop of FIG. 1 shown with the coil clusters;

FIG. 14 is a top view of the induction cooktop of FIG. 1 shown with centroids of the coil clusters identified;

FIG. 15 is a top view of the induction cooktop of FIG. 1 shown with the coil clusters and the corresponding estimation
of the cookware items;

FIG. 16 is a top view of the induction cooktop of FIG. 1 shown with four cookware items thereon with the coverage
factors of each coil indicated;

FIG. 17 is a representation of a plurality of closed curves determined from intersection of the 3D coverage factor
curve by a plane at various levels;

FIG. 18 is a graph of the number of closed curves versus level value;

FIG. 19 is a 3D coverage factor curve having an intersect plane at a first level;

FIG. 19A is a group of closed curves determined from the intersect of the 3D coverage factor curve of FIG. 19 by
the plane at the first level; and

FIG. 20 is a top view of the induction cooktop of FIG. 1 shown with the coil clusters and the corresponding estimation
of the cookware items.

[0009] The components in the figures are not necessarily to scale, emphasis instead being placed upon illustrating
the principles described herein.

DETAILED DESCRIPTION

[0010] The present illustrated embodiments reside primarily in combinations of method steps and apparatus compo-
nents related to an induction cooktop. Accordingly, the apparatus components and method steps have been represented,
where appropriate, by conventional symbols in the drawings, showing only those specific details that are pertinent to
understanding the embodiments of the present disclosure so as not to obscure the disclosure with details that will be
readily apparent to those of ordinary skill in the art having the benefit of the description herein. Further, like numerals in
the description and drawings represent like elements.

[0011] For purposes of description herein, the terms "upper," "lower," "right," "left," "rear," "front," "vertical," "horizontal,"
and derivatives thereof shall relate to the disclosure as oriented in FIG. 1. Unless stated otherwise, the term "front" shall
refer to the surface of the element closer to an intended viewer, and the term "rear" shall refer to the surface of the
element further from the intended viewer. However, it is to be understood that the disclosure may assume various
alternative orientations, except where expressly specified to the contrary. It is also to be understood that the specific
devices and processes illustrated in the attached drawings, and described in the following specification are simply
exemplary embodiments of the inventive concepts defined in the appended claims. Hence, specific dimensions and
other physical characteristics relating to the embodiments disclosed herein are not to be considered as limiting, unless
the claims expressly state otherwise.

[0012] The terms "including," "comprises," "comprising," or any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that comprises a list of elements does not include
only those elements but may include other elements not expressly listed or inherent to such process, method, article,
or apparatus. An element preceded by "comprises a ..." does not, without more constraints, preclude the existence of
additional identical elements in the process, method, article, or apparatus that comprises the element.

[0013] The method described below aims at determining the position, size, shape, and orientation of a number of
cookware items such as pots and/or pans, placed over a flexible induction cooktop. FIG. 1 shows an induction cooktop
10 characterized by having a large number of coils 204-20,,, whose dimensions are typically smaller than the size of a
cookware item, and these coils 20,20, are distributed next to each other to form mono-dimensional or bi-dimensional
arrays.

[0014] FIG. 2A shows actual cookware items 30 and 32 placed on top of a flexible induction cooktop 10. FIG. 2B
shows a single elliptical cookware item 34 that is incorrectly identified instead of two circular ones, since the two cookware
items 30 and 32 are too close to each other. The number inside each coil 204-20,, displays the corresponding coverage
factor. In particular cases, when two cookware items 30 and 32 are really close to each other, the set of activated coils
204-20,, can be confused with the one activated by a single elliptical cookware item 34. The objective of the present
method is to provide a method for cookware item identification and estimation able to identify individual cookware items
as distinct items.

[0015] FIG. 3 shows a block diagram of the basic electrical components of an induction cooktop system 5. A controller
100, such as a microprocessor or the like, is coupled to each of the coils 204.20,, of the induction cooktop 10 and to a
power supply 102 and a user interface 104. In general, the controller 100 will respond to activation of an input on the
user interface 104 to detect the presence, size, shape, orientation, and position of any cookware items 30 and 32 on
the induction cooktop 10 using the method described below. Once the size, shape, orientation, and position of any
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cookware items 30 and 32 are identified, the controller 100 will control the power supply 102 to supply an appropriate
power level to the coils 204-20,, underlying the cookware items 30 and 32 in order to heat food in the cookware items
30 and 32.

[0016] The user interface 104 may be any conventional user interface and may include various inputs such as tem-
perature settings and timers or the like.

[0017] A method 200 described herein is shown in FIGS. 4 and 4A and may be implemented as an algorithm executed
by the controller 100. The method 200 has a preliminary step 202 in the acquisition of a matrix of coverage factors, each
element of the matrix corresponding to one coil 204.20,,. The particular manner in which the controller 100 determines
the coverage factor of each coil 204-20,, is not described herein insofar as any known technique may be used. The
coverage factor matrix is then processed according to the described method 200 to identify the different cookware items
30 and 32.

[0018] The coverage factor for each coil is defined as the degree of coverage of the coil when coupled to an overlying
cookware item. This coverage factor for each of the coils can be derived through a pan detection system and particularly
by measuring the electromagnetic coupling between the coil and the overlying cookware. In this case, to each of the
inductors can be assigned a value indicative of the coverage, for instance a percentage value, starting from an electrical
measurable variable linked with the electromagnetic coupling of the inductor in question, with one or more of the overlying
cookware items. The electrical variable that can be preferably measured is the complex impedance at the leads of the
coil. It is also understood that other information related to the coverage factor can be used instead, such as, but not
limited to, inductance, resistance, or power factor.

[0019] However, any other variable linked with the fraction of the area of the coil that is covered by an overlying
cookware item, can also be used as a coverage factor.

[0020] From the above it follows that collect information related to a coverage factor thus means to collect information
indicative of a degree of overlap between a cookware item and coil, and preferably to measure one or more electrical
variables related to the electromagnetic coupling between the overlying cookware item and the coil; In FIG. 2A and
following, this fraction is expressed as a percentage.

[0021] The surface of the cooktop 10 is associated with a coordinate system apt to describe a 2D surface, for example,
but not limited to, a Cartesian coordinate system with origin in the lower left corner of the cooktop surface, with the x
axis oriented horizontally towards the right and the y axis oriented vertically towards the back.

[0022] This method 200 is based on the concept of iso-level curves that goes under different names in different fields.
For example, "isohypses" and "contour lines" are common names in cartography and geography to denote elevation or
altitude on maps; "isobars" and "isotherms" are common features of maps shown in forecasts to display atmospheric
pressure and temperature. Whatever the name, iso-level curves are curves that connect all points on a plane, preferably
an horizontal plane, that have the same value of the dependent variable, as a function of position. In the cited examples,
the dependent variable is, respectively, altitude, atmospheric pressure, and temperature. For this method, the dependent
variable is the coverage factor of each coil 204-20,,.

[0023] The method 200 presupposes that the coverage factor of the coils 204-20,, have already been acquired, and
therefore takes as input a matrix containing the coverage factors of each individual coil 204-20,, in the induction cooktop
10 (step 202).

[0024] The iso-level curve calculation is akin to considering a mountainous terrain, where regions with high coverage
factors correspond to the peaks, and regions with low coverage factors correspond to the valleys. An imaginary plane,
at a predetermined "altitude," corresponding to a predetermined coverage factor level, intersects the 3D surface of the
terrain, and all the intersection points are collected to form the iso-level curves. An example is shown in FIG. 5.

[0025] In FIG. 5, the graphed surface with two peaks is a 3D representation of the coverage factor, which has been
reconstructed by an algorithm having as input at least a portion of the coverage factor matrix. The hatched horizontal
plane is used for intersecting the 3D surface at a predefined intercept level. The thick black lines are the resultant
intersection. The algorithm makes a mathematical reconstruction of the curves, using interpolations, starting from the
coverage factors levels acquired in the coverage factor matrix. Interpolation can be of any degree of approximation,
linear, polynomial, spline or even not linear.

[0026] In a preferred embodiment, the algorithm determines the iso-level curves along the triangular grid that connects
the center of adjacent coils 204-20,, as shown in FIG. 6. The vertices of the grid are placed at the centers of the coils
204.20,,. Dummy coils with zero coverage factor are added around the existing coiled grid, as shown in FIG. 7, in order
to always have closed curves for each cookware item 30 and 32, even the ones that lie near the border of the coil
arrangement. The actual coils 204-20,, are represented by circles with black, solid borders. The coil arrangement is the
same as shown in FIG. 1. The additional dummy coils are represented by circles with dashed borders.

[0027] The iso-level curve calculation starts from either a predefined value (e.g. 100% of coverage factor, or less) or,
more preferably, from the maximum value in the coverage factor matrix and is then repeated multiple times, each time
decreasing the intercept level with an horizontal plane, by a predetermined amount, preferably in the range between 1
percent and 10 percent of the coverage factor, conveniently between 1 percent and 5 percent of the coverage factor
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and more preferably by decreasing the intercept level of the intercepting horizontal plane by 1 percent of the coverage
factor. In an alternative embodiment the predetermined amount can be set preferably in the range between 1 and 10
percentage points, conveniently between 1 and 5 percentage points or and more preferably by decreasing the intercept
level of the intercepting horizontal plane by 1 percentage point.

[0028] Thus, referring back to FIG. 4, the method 200 next finds the maximum value in the coverage factor matrix in
step 204, and sets the present intercept level (the level where the intersecting plane is located) at the identified maximum
coverage value in step 206.

[0029] The method then determines the iso-level curves corresponding to the present intercept level in step 208. The
algorithm counts how many closed curves have been identified for the present level in step 210. As mentioned above
the intercept level is then decreased by a predetermined amount in step 212.

[0030] Then, in step 214, the iso-level curves are determined for the decreased intercept level and the number of
closed iso-level curves is then determined by counting in step 216.

[0031] Each closed curve corresponds to a different cookware item 30 and 32, provided the coverage factor of the
coils 204-20,, it overlies spans the selected intercept level. An example of the obtained closed curves are shown in FIGS.
8A and 9A for two different levels as shown in FIGS. 8 and 9. More specifically, FIGS. 8A and 9A show the iso-level
curves obtained with the calculations shown in FIGS. 8 and 9, respectively. FIGS. 8 and 8A represent an example of
iso-level curves for an intercept level selection that is too high compared to FIGS. 9 and 9A, where the intersecting plane
in FIG. 8 is placed at a higher level, so the lower peak is not intersected.

[0032] When decreasing the intercept level, at a certain point, the iso-level curves that were previously distinct will be
merged into a single closed curve, as shown in FIGS. 10 and 10A. Compared to FIGS. 9 and 9A, the intersecting plane
is placed at a lower level, so the two peaks are merged into a single closed curve. This means that, at that intercept
level, itis no longer possible to detect two distinct, but neighboring cookware items 30 and 32 as being actually separated.
Thus, the intercept level selection is too low. The optimal intercept level for cookware item separation is therefore the
one immediately before the one where the curves have merged.

[0033] To identify the optimum level, step 218 (FIG. 4A) of the method 200 compares the number of closed curves
counted in step 216 to the number of closed curves counted at the previous intercept level. If the number of closed
curves is the same or higher, then in step 220, the previously saved result is discarded and updated with the decreased
intercept level determined in step 212. Then, in step 222, determine if the decreased intercept level has reached a
predetermined minimum threshold X. If the decreased intercept level has notreached a predetermined minimum threshold
X, steps 212-222 are repeated until either the number of closed curves counted in step 216 is lower than that previously
counted or the present intercept level reaches or falls below the predetermined minimum threshold X. If the number of
closed curves is determined to be lower in step 218, the method 200 keeps the previously saved result, which represents
the optimum intercept level.

[0034] Using this method 200, for the curves shown in FIGS. 8A, 9A, and 10A, for example, the present level is set
to the top of the highest peak and then repeatedly decreased to initially identify one closed curve as shown in FIG. 8A.
The intercept level is further decreased until two curves are counted (FIG. 9A). Each time steps 212-222 are repeated,
the last intercept level is saved as the saved result (step 220). Then, the intercept level is decreased even further and
eventually the number of counted closed curves falls back to one (FIG. 10A). At this point, a determination is made in
step 218 that the count is lower and the previous intercept level is kept as the saved result as this is the optimum intercept
level.

[0035] A family of curves, corresponding to different intercept levels, is shown in FIG. 11. The thicker line indicates
the lowest level for which there are two closed curves instead of one. FIG. 12 shows the corresponding number of closed
curves, for each intercept level. The number of closed curves starts from 1 at level 100, since only the taller peak is
detected; increases to 2 at level 92, indicating that both peaks are detected; and goes back to 1 at level 60, since the
two peaks are now merged. Looking at this plot, the optimal level selection is the one immediately to the left of the
decrease, in this case 61.

[0036] When the optimal level has been determined in step 224, the algorithm proceeds to determine, for each closed
curve, which of the coils 20,4-20,, are inside the curve in step 226. One possible criteria to determine whether each coil
is inside a closed curve or not, is to check whether the center of said coil is inside the curve. Another criteria is to measure
the area of intersection of the closed curve and said coil, and check whether said area is greater than a predetermined
threshold. Said threshold can preferably, be set in the range between 30% and 60% of the area of the individual coil,
more preferably about 50% of the area of the individual coil.

[0037] These coils are grouped and assigned to distinct clusters 40 and 42 in FIG. 13. Each coil cluster 40 and 42
corresponds to one of the cookware items 30 and 32 placed on the induction cooktop 10, indicated by the thick-bordered
circles. Each cluster of coil clusters 40 and 42 is used to identify the cookware items 30 and 32; in particular, it is used
to estimate the center position, the shape, the size, and the orientation in step 228.

[0038] For each cluster, the centroid is identified by calculating the weighted sum of the coordinates of the centers of
all the coils belonging to said cluster, wherein the weights are the coverage factors of each coil:
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where x, y, are the coordinates of the centroid, N is the number of coils considered in the calculation for this particular
centroid, i.e. the number of coils belonging to the cluster, x;, y; are the coordinates of the ith coil, and c; the coverage
factor for the ith coil. The centroid coordinates determined here are used as the estimation for the center position of the
corresponding cookware item, as shown in FIG. 14.

[0039] In order to estimate the size of each cookware item, one possible way is to first determine the weighted area
of the corresponding cluster. One possible way of performing this calculation is to sum the areas of all coils belonging
to the cluster, adjusted by a factor the takes into account the empty areas between coils, weighted by the corresponding
coverage factors:

N

= Y KA
i=1

R
cluster coil i

where A1, IS the area estimation for the cluster, N is the number of coils belonging to the cluster, K is an adjusting
factor, A.,; is the area of the ith coil, and c; is the coverage factor for the ith coil. The information on the area of the
cluster can be used to estimate the radius of the cookware item, in case the cookware item is circular:

Acluster
Y ——
Tt

where r is the estimation for the radius of the cookware item, and A, is the area estimation for the cluster just
determined.

[0040] Another possible way to estimate the size of each cookware item, is first determine the second moments of
area and the product of inertia. One possible way of performing this calculation is to consider cartesian axes, passing
through the center of the cookware item, and parallel to the axes of the reference coordinate system defined in §0045.
The moments can be calculated as:
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where [, is the second moment of area relative to the x-axis, Iyy is the second moment of area relative to the y-axis,
and I, is equivalent to the product of inertia; /,,; is the second moment of area for the coils shape relative to the x-axis,
lycoir is the second moment of area for the coil shape relative to the y-axis, and I, is the equivalent to the product of
inertia for the coils shape; A, is the area of each coil, x; is the x coordinate for the center of the ith coil, and y,; is the
y coordinate for the center of the ith coil, x, is the x coordinate for the estimated center of the cookware item, y, is the
y coordinate for the estimated center of the cookware item, and c; is the coverage factor for the ith coil.

[0041] Next step is to determine the principal moments and the angle of rotation; the principal moments are oriented

along the main directions of the shape, and can be calculated as:
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where I, and /;; are the principal moments, and 6 is the rotation angle of the cookware item relative to the axes of the
reference coordinate system.
[0042] Finally, using the calculated principal moments, it is possible to estimate the major and minor semiaxes of the
cookware item, in case the cookware item is elliptical:

where a is the major semiaxis and b is the minor semiaxis of the cookware item.

[0043] Atypical method to estimate the shape is to consider the ratio between the two semiaxes a and b just calculated:
if the two values of a and b are the same, the ratio is 1 and the shape is circular; if they are different, the ratio is other
than 1 and the shape is elliptical. Due to the uncertainty in the estimation and calculation of the values of the major and
minor semiaxes, it is typical to compare the ratio a/b with a predefined threshold, and if the ratio is larger than this
threshold consider the shape as elliptical, whereas if the ratio is smaller than this threshold the shape is considered as
circular.

[0044] For efficiency reasons, it is advantageous to limit this process to coils whose coverage factors is higher than
a predefined threshold, since coils with a small coverage factor would have a negligible contribution either to the iden-
tification of the position, shape, size, and orientation of a cookware item, or to the heating of the cookware item itself.
[0045] FIG. 15 finally shows the coil clusters with the corresponding estimated cookware items.

[0046] In the following paragraphs, another example of the method operation is detailed, applied to the pots placed
on top of the cooktop as shown in FIG. 16. FIG. 16 shows four pots placed on the cooktop, in particular two of the pots
are actually touching each other.

[0047] FIG. 17 shows the different families of iso-level curves, obtained by the intersection of the 3D coverage factor
curve with a plane at various levels.

[0048] FIG. 18 shows the number of closed curves versul level value, for the families of curves shown in FIG. 17. In
this particular example, the first level value for which there is a decrease in the number of closed curves is 80, so the
correct level value to consider for the continuation of the method is 81.

[0049] FIGS. 19 and 19A show the 3D surface derived from the coverage factor, and the corresponding isolevel curves
obtained by setting the level 81.

[0050] FIG. 20 finally shows the coil clusters, as determined in FIGS. 19 and 19A, with the corresponding estimated
cookware items.

[0051] Oncethe geometrical characteristics of the cookware item have been estimated, namely center position, shape,
size, and orientation, the system can use this information to display a visual representation of the cookware items on
the User Interface 104.

[0052] The user can then select a first power level input for at least one of the identified cookware items, said first
power level input being set by a user through a user interface 104, or any other means.

[0053] The system will then assign a second power level to each coil belonging to a cluster derived from the first power
level input received from the user, said second power level being determined and set by the controller; this second power
level can be set in many different ways. A non-limiting example is to divide the first power level equally among all the
coils belonging to the cluster, for example if the first power level is 1200 W and the cluster is composed of 6 coils, the
second power level for each coil would be 200 W. Another non-limiting example would be to determine the second power
level proportionally to the coverage factor. Other criteria are easily determinable by people skilled in the art.
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[0054] Finally, the system will control the power delivery to the coils belonging to the identified coil cluster corresponding
to the selected cookware item, in order to deliver the first power level requested by the user to the selected cookware item.
[0055] Compared to known solutions, clustering of coils allows to discriminate between adjacent cookware items
directly, with no need to further process an area previously identified, as in the prior art.

[0056] According to a first aspect of the present disclosure, a method of identifying cookware items placed on top of
an induction cooktop having a plurality of coils, includes the following steps: (a) acquire coverage factor information for
each coil, and collect it into a coverage factor matrix; (b) set a present intercept level at a predetermined starting value;
(c) determine iso-level curves corresponding to the present intercept level; (d) count the number of closed iso-level
curves determined in step (c) and save the result; (e) decrease the intercept level by a predetermined amount; (f)
determine iso-level curves corresponding to the decreased intercept level; (g) count the number of closed iso-level
curves determined in step (f); (h) compare the number of closed curves at the present intercept level with the number
of closed curves from the previous intercept level; (i) if the number of closed curves at the present intercept level is the
same as or higher than the number of closed curves from the previous intercept level, discard the previously saved
result and update with the present intercept level; (j) if the number of closed curves at the present intercept level is lower
than the number of closed curves from the previous intercept level, keep the previously saved result and skip to step
(1); (k) repeat steps (e) to (k), until the number decreases or the decreased intercept level reaches a predetermined
minimum threshold; (I) for each closed curve, determine which coils are inside the curve, and assign those coils to a
distinct cluster; and (m) use the identified coil clustering to estimate a position, shape, size, and orientation of the
cookware item.

[0057] According to the first aspect of the present disclosure, step (c) includes calculating a 3D representation of the
coverage factor matrix.

[0058] According the first aspect or any single or combination of intervening aspects of the present disclosure, step
(c) further includes selecting an intersecting plane at the present intercept level and forming iso-level curves from the
points of intersection of the 3D representation and the intersecting plane.

[0059] According the first aspect or any single or combination of intervening aspects of the present disclosure, the
intersecting plane is a horizontal plane.

[0060] According the first aspect or any single or combination of intervening aspects of the present disclosure, the
method further includes the step of (n) supplying power to the coils underlying the cookware items.

[0061] According the first aspect or any single or combination of intervening aspects of the present disclosure, when
plotting the 3D representation of the coverage factor matrix, dummy coils are generated about the periphery of the actual
coils, wherein the dummy coils have a coverage factor of zero.

[0062] According the first aspect or any single or combination of intervening aspects of the present disclosure, the
predetermined starting value is a maximum value in the coverage factor matrix.

[0063] According the first aspect or any single or combination of intervening aspects of the present disclosure, the
determination in step (l) of which coils are inside the curve is based on whether the center of said coil is inside the curve.
[0064] According the first aspect or any single or combination of intervening aspects of the present disclosure, the
determination in step (I) of which coils are inside the curve is based on whether the area of intersection of the closed
curve and said coil is greater than a predetermined threshold.

[0065] According to a second aspect of the present disclosure, an induction cooktop system includes: an induction
cooktop including a plurality of induction coils; a power supply for supplying power to selected ones of the plurality of
induction coils; and a controller for identifying cookware items placed on top of the induction cooktop, estimating the
position, shape, size, and orientation of the cookware items, and controlling the amount of power supplied to the selected
ones of the plurality of induction coils, the controller being programmed to perform at least the following steps: (a) acquire
coverage factor information for each coil, and collect it into a coverage factor matrix; (b) set a present intercept level at
the identified maximum value; (c) determine iso-level curves corresponding to the present intercept level; (d) count the
number of closed iso-level curves determined in step (c) and save the result; (e) decrease the present intercept level
by a predetermined amount; (f) determine iso-level curves corresponding to the decreased intercept level; (g) count the
number of closed iso-level curves determined in step (f); (h) compare the number of closed curves at the present intercept
level with the number of closed curves from the previous intercept level; (i) if the number of closed curves at the present
intercept level is the same as or higher than the number of closed curves from the previous intercept level, discard the
previously saved result and update with the present intercept level; (j) if the number of closed curves at the present
intercept level is lower than the number of closed curves from the previous intercept level, keep the previously saved
result and skip to step (1); (k) repeat steps (e) to (k), until the number decreases or the decreased intercept level reaches
a predetermined minimum threshold; (1) for each closed curve, determine which coils are inside the curve, and assign
those coils to a distinct cluster; and (m) use the identified coil clustering to estimate a position, shape, size, and orientation
of the cookware item.

[0066] According to the second aspect of the present disclosure, step (c) includes calculating a 3D representation of
the coverage factor matrix.
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[0067] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
step (c) further includes selecting an intersecting plane at the present intercept level and forming iso-level curves from
the points of intersection of the 3D representation and the intersecting plane.

[0068] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
the intersecting plane is a horizontal plane.

[0069] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
the system further includes the step of (n) supplying power to the coils underlying the cookware items.

[0070] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
when calculating the 3D representation of the coverage factor matrix, dummy coils are generated about the periphery
of the actual coils, wherein the dummy coils have a coverage factor of zero.

[0071] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
the predetermined starting value is a maximum value in the coverage factor matrix.

[0072] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
The system further includes a user interface coupled to the controller for providing user input to the controller.

[0073] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
the determination in step (1) of which coils are inside the curve is based on whether the center of said coil is inside the curve.
[0074] According to the second aspect or any single or combination of intervening aspects of the present disclosure,
the determination in step () of which coils are inside the curve is based on whether the area of intersection of the closed
curve and said coil is greater than a predetermined threshold.

[0075] According to a third aspect of the present disclosure, a method of identifying cookware items placed on top of
an induction cooktop having a plurality of coils, includes the following steps: (a) acquire coverage factor information for
each coil, and collect it into a coverage factor matrix; (b) set a present intercept level at a maximum value identified in
the input coverage factor matrix; (c) identify and count closed iso-level curves corresponding to the present intercept
level and save the result; (d) decrease the present intercept level by a predetermined amount; (e) identify and count
closed iso-level curves corresponding to the decreased intercept level; (f) when the number of closed curves at the
present intercept level is the same as or higher than the number of closed curves from the previous intercept level,
discard the previously saved result and update with the present level; (g) when the number of closed curves at the
present intercept level is lower than the number of closed curves from the previous intercept level, keep the previously
saved result and skip to step (i); (h) repeat steps (d) to (h), until the number decreases or the decreased intercept level
reaches a predetermined minimum threshold; (i) for each closed curve, determine which coils are inside the curve, and
assign those coils to a distinct cluster; (j) use the identified coil clustering to estimate a position, shape, size, and
orientation of the cookware item; and (k) supply power to the coils underlying the cookware items.

[0076] According to the third aspect of the present disclosure, step (c) includes calculating a 3D representation of the
coverage factor matrix.

[0077] According to the third aspect or any single or combination of intervening aspects of the present disclosure, step
(c) further includes selecting an intersecting plane at the present intercept level and forming iso-level curves from the
points of intersection of the 3D representation and the intersecting plane.

[0078] According to the third aspect or any single or combination of intervening aspects of the present disclosure, the
intersecting plane is a horizontal plane.

[0079] According to the third aspect or any single or combination of intervening aspects of the present disclosure, the
determination in step (i) of which coils are inside the curve is based on whether the center of said coil is inside the curve.
[0080] According to the third aspect or any single or combination of intervening aspects of the present disclosure, the
determination in step (i) of which coils are inside the curve is based on whether the area of intersection of the closed
curve and said coil is greater than a predetermined threshold.

[0081] It will be understood by one having ordinary skill in the art that construction of the described disclosure and
other components is not limited to any specific material. Other exemplary embodiments of the disclosure disclosed
herein may be formed from a wide variety of materials, unless described otherwise herein.

[0082] For purposes of this disclosure, the term "coupled” (in all of its forms, couple, coupling, coupled, etc.) generally
means the joining of two components (electrical or mechanical) directly or indirectly to one another. Such joining may
be stationary in nature or movable in nature. Such joining may be achieved with the two components (electrical or
mechanical) and any additional intermediate members being integrally formed as a single unitary body with one another
or with the two components. Such joining may be permanent in nature or may be removable or releasable in nature
unless otherwise stated.

[0083] Itis also important to note that the construction and arrangement of the elements of the disclosure as shown
in the exemplary embodiments is illustrative only. Although only a few embodiments of the present innovations have
been described in detail in this disclosure, those skilled in the art who review this disclosure will readily appreciate that
many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and proportions of the various
elements, values of parameters, mounting arrangements, use of materials, colors, orientations, etc.) without materially
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departing from the novel teachings and advantages of the subject matter recited. For example, elements shown as
integrally formed may be constructed of multiple parts or elements shown as multiple parts may be integrally formed,
the operation of the interfaces may be reversed or otherwise varied, the length or width of the structures and/or members
or connector or other elements of the system may be varied, the nature or number of adjustment positions provided
between the elements may be varied. It should be noted that the elements and/or assemblies of the system may be
constructed from any of a wide variety of materials that provide sufficient strength or durability, in any of a wide variety
of colors, textures, and combinations. Accordingly, all such modifications are intended to be included within the scope
of the present innovations. Other substitutions, modifications, changes, and omissions may be made in the design,
operating conditions, and arrangement of the desired and other exemplary embodiments without departing from the
spirit of the present innovations.

[0084] It will be understood that any described processes or steps within described processes may be combined with
other disclosed processes or steps to form structures within the scope of the present disclosure. The exemplary structures
and processes disclosed herein are for illustrative purposes and are not to be construed as limiting.

Claims

1. A method of identifying coil clustering (40, 42) to estimate at least one of a position, shape, size, orientation of one
or more cookware items (30, 32, 34) placed on top of an induction cooktop (10) having a plurality of coils (204-20,,),
comprising the following steps:

(a) collect information related to a coverage factor indicative of a degree of overlap between a cookware item
and a coil for each coil (204-20,,) and store it into a coverage factor matrix;

(b) set a first intercept level at a predetermined starting value;

(c) determine iso-level curves corresponding to the first intercept level, starting from the coverage factor matrix
and by means of interpolation operations;

(d) count the number of iso-level curves corresponding to the first intercept level and save the result;

(e) decrease the first intercept level by a predetermined amount thereby defining a second intercept level;

(f) determine iso-level curves corresponding to the second intercept level starting from the coverage factor
matrix and by means of interpolation operations;

(g) count the number of iso-level curves corresponding to the second intercept level;

(h) compare the number of iso-level curves corresponding to the second intercept level with the number of iso-
level curves corresponding to the first intercept level;

(i) if the number of iso-level curves corresponding to the second intercept level is the same as or higher than
the number of iso-level curves corresponding to the first intercept level, replace the first intercept level with the
second intercept level and replace the number of iso-level curves corresponding to the first intercept level with
the number of iso-level curves corresponding to the second intercept level;

(j) repeat steps (e) to (i), until the number of iso-level curves corresponding to the second intercept level is lower
than the number of iso-level curves corresponding to the first intercept level or until the second intercept level
reaches a predetermined minimum threshold; otherwise:

(k) for each of the iso-level curves counted for the first intercept level, determine which coils (204-20,,) are at
least partially overlapping an area defined by the iso-level curve, and assign those coils (204-20,)) to a cluster
(40, 42) thereby identifying a plurality of coil clusters; and

() use one or more of the identified coil clustering (40, 42) to estimate at least one of the position, shape, size,
and orientation of the one or more cookware items (30, 32, 34).

2. The method of claim 1, wherein step (c) includes calculating a 3D representation of the coverage factor matrix.

3. Themethod of claim 2, wherein step (c) further includes selecting an intersecting horizontal plane at the first intercept
level and forming iso-level curves from the points of intersection of the 3D representation and the intersecting plane.

4. The method of any one of claims 1-3, and further comprising the step of (m) supplying power to the coils (204-20,))
underlying the cookware items (30, 32, 34).

5. The method of any one of claims 2-4, wherein when calculating the 3D representation of the coverage factor matrix,

dummy coils are generated about the periphery of the actual coils (204-20,), wherein the dummy coils have a
coverage factor of zero.
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The method of any one of claims 1-5, wherein the predetermined starting value is a maximum value in the coverage
factor matrix.

The method of any one of claims 1-6, wherein the determination in step (k) of which coils (204-20,)) are at least
partially overlapping an area defined by the iso-level curve is based on whether the center of said coils (204-20,,) is
inside the curve.

The method of any one of claims 1-7, wherein the determination in step (k) of which coils (204-20,)) are at least
partially overlapping an area defined by the iso-level curve is based on whether the area of intersection of the closed
curve and said coil (204-20,,) is greater than a predetermined threshold.

The method of any one of claims 1-8, further comprising the following steps:

h) receiving a first power level input for at least one of the identified cookware items (30, 32, 34), said first power
level input being set by a user through a user interface (104);

i) assigning a second power level to each coil (204-20,,) belonging to a cluster derived from the first power level
input received at step h), said second power level being determined and set by a controller (100); and

j) controlling power delivery to the identified coil clusters associated with each cookware item (30, 32, 34).

The method of any one of the preceding claims, further comprising a step of displaying identified cookware items
(30, 32, 34) on a user interface (104).

An induction cooktop system (5) comprising:

an induction cooktop (10) including a plurality of induction coils (20,.20,);

a power supply (102) for supplying power to selected ones of the plurality of induction coils (204.20,,); and
acontroller (100) foridentifying cookware items (30, 32, 34) placed on top of the induction cooktop (10), estimating
at least one of the position, shape, size, and orientation of the cookware items (30, 32, 34), and controlling the
amount of power supplied to the selected ones of the plurality of induction coils (204-20,)), the controller being
programmed to perform at least the steps of any of the claims from 1 to 10.

1"



%%QQ e
@Q%%@Q@
@Q@%%@Q@
@Q@@@Q@Q
Q%Q@QQ
%@Q@
%me

o_\K




EP 3 920 663 A1

V¢ 9Old

"0C —

Gc VA

o
I

P2l o—1 %75 |
1l /7 N Y
\ V4 \N\
- ”” -mm ‘
gl Ge hd —
L
68 z 7o M 99 Oc
)
9\ \ \ ~ €02 /

o€

"0 0¢

13



d¢ Old

"0Z ~

icnncncncn

‘ :-44.’ il.‘l"

a' &
-E.I!PI"




EP 3 920 663 A1

5
10 \
COILS 204-20,
100 102
CONTROLLER POWER SUPPLY _/
USER 104

INTERFACE J

FIG. 3

15



EP 3 920 663 A1

200

ACQUIRE COVERAGE FACTOR
INFORMATION FOR EACH COIL AND
COLLECT IT INTO A COVER FACTOR

MATRIX

202

N

A 4

o
=

FIND THE MAXIMUM VALUE IN THE
INPUT COVERAGE FACTOR MATRIX

s

A

SET A PRESENT LEVEL AT THE
IDENTIFIED MAXIMUM VALUE

\s

A

CALCULATE ISO-LEVEL CURVES
CORRESPONDING TO THE PRESENT
LEVEL

\N
o
00

v

N
=
o

COUNT THE NUMBER OF CLOSED
ISO-LEVEL CURVES CALCULATED IN
STEP 208 AND SAVE THE RESULT

\

2
A 4

DECREASE THE PRESENT LEVEL BY A
PREDETERMINED AMOUNT

-

A

214

CALCULATE ISO-LEVEL CURVES
CORRESPONDING TO THE
DECREASED CURRENT LEVEL

-

A 4

COUNT THE NUMBER OF CLOSED
ISO-LEVEL CURVES CALCULATED IN
STEP 214

216

N

FIG. 4

16



EP 3 920 663 A1

IS THE NUMBER OF CLOSED
CURVES AT THE PRESENT LEVEL LOWER THAN
THE NUMBER OF CLOSED CURVES AT THE
PREVIOUS LEVEL?

/ 220

DISCARD THE PREVIOUSLY SAVED
RESULT AND UPDATE WITH THE
PRESENT LEVEL DETERMINED IN

STEP 212

222

NO

224
\/

KEEP THE PREVIOUSLY
SAVED RESULT

y
: B ; YES
226

FOR EACH CLOSED CURVE, J
DETERMINE WHICH COILS ARE
INSIDE THE CURVE, AND ASSIGN
THOSE COILS TO A DISTINCT
CLUSTER

!

USE THE IDENTIFIED COIL 228
CLUSTERING TO ESTIMATE A
POSITION, SHAPE, SIZE, AND J
ORIENTATION OF THE COOKWARE
ITEM

FIG. 4A

17




EP 3 920 663 A1

FIG. 5

100
80 \
0% 77 77V 7 771 7
40\ AKX g /
20 /,’///// A
0

‘A s
400
200

0 B\ \ \ \ \ \ \

\
Ab 100 200 300 400 500 600 700

18



FIG. 6



EP 3 920 663 A1

—_—

L Old

—_— —_— —_— —_— —_—

{ { { { {

]

AN 77N 77N 77N 7N 7N 7N

\v\ )vm(v\ )vm(v\ )V/\,l\v\ )vA(v\ )vm(v\ T
= \ AN NN AN V L
jegegegegegi
™ \
» Q@Q@Q@Q@Q\ i
~ / 1
» QOQQQQQQQ\ -
=ORORORORO T
hAHW)AHV)AHW)AHV)AHV)/%
V)/(V)ﬁ(V)v(V)v(V)v(v/

L JN_7 ~_7 ~_7 ~_7 ~_7 X

P L - P e

20



EP 3 920 663 A1

100

S R
w0 ’ 7
NG :
400

200

B W W W VD W

0j \ \

\ \
O 100 200 300 400 500 600 700

FIG. 8A

21



EP 3 920 663 A1

FIG. 9

100
80 \
0§77 77V 7 777 77
40 2222 g %

// // //
N2 77 s
0

‘A

400
200

0% A\ \ \\ \\ \ \ \

\ \

\ \
O 100 200 300 400 500 600 700

O <D

FIG. 9A

22



EP 3 920 663 A1

FIG. 10
100
80
60 __ , \
W\ s s 7 P
W\t \
o\ N A A \
400
200 ;/j§x_x

0 - \ \ \ \ \ \

\ \
O 100 200 300 400 500 600 700

(O

FIG. 10A

23



EP 3 920 663 A1

FIG. 11

N

—_—

number of curves

100

90

80 70
contour level

FIG. 12

24

60

50

40



¢l O

=

"0Z ~

==

CREZ

05

oRoNoNoRG
090002
DEOAE

-, M
ISKCRCHONCN

o_\K

\

)

wON mON



vl Old

o_\K ov\

BloC626R6R62
526006060
0200020600
O- =5 202

RS RRE T

[ AT




EP 3 920 663 A1

Gl 9Old

"0C —

ey ———

LY

VA

\
1|

gt
y N\,

| w ‘
.mm ‘

N
(e}
—
@)

5
N
™~
—
1
Yy
N~
[0p
~=
\ / B~
i

ol

Ge ) —
L
68 z 7ol 99 0¢

/ / BAEAN

0¢ "0C 20¢
0]

27



EP 3 920 663 A1

91 9Old

/\ /
~N 7 N\ 4
e

ol

0

B28Res

o
o

—
‘0C

d

"0

)
‘0C

(e

0¢

28



EP 3 920 663 A1

29

FIG. 17



EP 3 920 663 A1

< o o

S8AIND JO Jequinu

30

40

50

60

70

80

90

100

contour level

FIG. 18



EP 3 920 663 A1

FIG. 19
G B
WA
h
O_g 160 2(\30 3\00 42)0 5\00 660 700

o
~ O

FIG. 19A

31



EP 3 920 663 A1

0¢ 9l4

/\ /
~N 7 N\ 4
e

ol

0

B28Res

o
o

—
‘0C

d

"0

)
‘0C

(e

0¢

32



10

15

20

25

30

35

40

45

50

55

EP 3 920 663 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 17 7841

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
A,D |EP 2 242 328 A2 (BSH BOSCH SIEMENS 1-11 INV.
HAUSGERAETE [DE]) HO5B6/06
20 October 2010 (2010-10-20)
* paragraphs [0027] - [0033]; figures 1-5
*
A,D |EP 2 034 799 Al (BSH BOSCH SIEMENS 1-11
HAUSGERAETE [DE])
11 March 2009 (2009-03-11)
* figures 1-3a *
A EP 3 307 018 B1 (EGO ELEKTRO GERAETEBAU 1-11

GMBH [DE]) 27 March 2019 (2019-03-27)
* claim 1; figure 1 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

HO5B

Place of search

Munich

Date of completion of the search

15 October 2021

Examiner

Pierron, Christophe

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

33




EP 3 920 663 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 17 7841

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

15-10-2021
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2242328 A2 20-10-2010  EP 2242328 A2 20-10-2010
ES 2362839 Al 14-07-2011
ES 2387642 T3 27-09-2012
EP 2034799 Al 11-03-2009  EP 2034799 Al 11-63-2009
ES 2324450 Al 06-08-2009
ES 2539282 T3 29-06-2015
EP 3307018 Bl 27-03-2019 EP 3307018 Al 11-04-2018
ES 2730394 T3 11-11-2019

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

34




EP 3 920 663 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 ES 2362839 [0004] « EP 2034799 A [0005]
 EP 2242328 A [0004]

35



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

