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APPARATUS, SYSTEM, AND METHOD FOR A HEATING SURFACE HAVING
A SELECTABLE SHAPE, SIZE, LOCATION, AND HEAT INTENSITY

RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/810,971, filed April 11, 2013, and entitled “HexHeat An Independently Matrix-able
Array of Heating Elements,” and U.S. non-provisional Patent Application Serial No.
14/245,879 filed April 4, 2014, and entitled “Apparatus, System, and Method for a
Heating Surface Having a Selectable Shape, size, Location, and Heat Intensity.” The
contents of both of the above-referenced applications are incorporated herein by

reference in their entirety.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not Applicable.

COMPACT DISK APPENDIX
[0003] Not Applicable.

FIELD OF INVENTION
[0004] The present invention generally relates to heating devices, and more particularly,
to an apparatus, system, and method for a heating surface having a selectable shape, size,

location, and heat intensity.

BACKGROUND
[0005] Stovetops, also referred to cooktops, stoves, cookstoves, hotplates, cookers, and
the like, generally refer to devices for cooking food. Nevertheless, it should be
appreciated that these devices have also been used for other purposes, such as heating a
room, preparation of chemical formulations needing heat to promote chemical reactions,
and the like. The stovetop generally includes an upper surface for supporting and heating
the food using a pot or pan that contains the food while being in direct contact with the
stovetop for transferring the heat generated by the stovetop to the food in the pot or pan.
[0006] Nevertheless, stovetops often have certain drawbacks that limit their usefulness.

For example, conventional stovetops typically have a heating surface whose size, shape,
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and location on the stovetop that are fixed and cannot be changed. Due to this fixed-size
limitation, a pot or pan having a contact surface larger than the size of the stovetop using
conductive or convective heating may exhibit uneven heating across its surface, while a
pot or pan smaller than the size of the stovetop may leave portions of the stovetop
exposed thus reducing the efficiency of the stovetop and even possibly forming a safety
hazard for users who may inadvertently come in contact with the exposed heating
surface. It is with these drawbacks in mind that embodiments of the present invention

have been developed.

SUMMARY

[0007] According to one aspect of the present disclosure, a heating appliance includes a
heating structure having a lower surface and a flat upper surface for supporting and
imparting heat into an object, such as a pot or pan used to cook food. The heating
structure includes an array of heating elements arranged on the lower surface of the
heating structure in an mxn array having m columns and n rows. Each element is
thermally coupled to a region of the structure for heating its respective region of the
structure independently of other regions of the structure associated with the other heating
elements.

[0008] According to another aspect of the present disclosure, a selective shape and size
heating system includes multiple heating elements that are controlled by a controller.
The heating elements are arranged on a heating structure in which each element is
thermally coupled to a region of the structure for heating its respective region of the
structure independently of other regions of the structure associated with the other heating
elements. The controller receives information associated with a selected shape and size
of a portion of the heating structure to be heated, determines a subset of the heating
elements to be used for heating the selected shape and size of the heating structure, and
controls the subset of heating elements to heat their respective regions of the heating
structure.

[0009] According to yet another aspect of the present disclosure, a heating method

includes receiving, using a computing system, information associated with a shape and
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size of a portion of the heating structure to be heated. The heating structure including
multiple heating elements arranged on a heating structure in which each element is
thermally coupled to a region of the structure for heating its respective region of the
structure independently of other regions of the structure associated with the other heating
elements. The method also includes determining, using the processor, a subset of the
heating elements to be used for heating a selected received shape and size of the heating
structure, and controlling, using the processor, the subset of heating elements to heat their

respective regions of the heating structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figs. 1A through 1C illustrate a perspective view, top view, and bottom view,
respectively, of an example stovetop according to the teachings of the present disclosure.
[0011] Fig. 1D illustrates an enlarged, partial, top view of the heating structure according
to the teachings of the present disclosure.
[0012] Fig. 1E illustrates an enlarged, partial, cut away side view of the heating structure
according to the teachings of the present disclosure.
[0013] Figs. 2A through 2C illustrate a perspective view, top view, and bottom view,
respectively, of another example heating structure according to the teachings of the
present disclosure.
[0014] Fig. 2D illustrates an enlarged, partial, cut away view of the heating structure
according to the teachings of the present disclosure.
[0015] Figs 3A and 3B illustrate example heating element driver circuits according to the
teachings of the present disclosure .
[0016] Fig. 4A illustrates an example selective heating surface control system according
to the teachings of the present disclosure.
[0017] Fig. 4B illustrates an example remote computing system according to the
teachings of the present disclosure.
[0018] Fig. 4C illustrates an example data source according to the teachings of the
present disclosure.
[0019] Figure S illustrates an example computing device that includes a heating structure

controller application according to the teachings of the present disclosure.
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[0020] Figure 6 illustrates an example flowchart depicting an example process for

controlling a heating structure according to the teachings of the present disclosure.

DETAILED DESCRIPTION
[0021] Although stovetops have, in general, provided a useful service of heating and/or
otherwise cooking food, they often fall short in several different ways. For example,
currently available stovetops are typically limited to heating surfaces having a
predetermined size, shape, and location. Oftentimes there are simply not enough burners
for the amount of food that needs to be cooked, or number of people that need to cook.
Additionally, instances exist when a larger burner is needed, in which case the user may
have to turn on two burners, or wait longer for the cookware to heat, with the adverse
effect of uneven heat distribution. Conversely, instances exist when a user needs a
smaller burner and must be content wasting the extra heat, thus reducing the efficiency of
the stovetop. Also, instances exist when a user needs to use a burner having a square or
rectangular shape, but is limited to a circular shape, which may also cause uneven heat
distribution.
[0022] Embodiments of the present disclosure provide a solution to this problem using a
stovetop configured with an array of individual heating elements that may be selectively
energized to provide a desired shape, size, location, and heat intensity of heating surface
that conforms to the shape, size, and location of a pot or pan or other object to be heated
that is placed upon its surface. Using this design, heat generated by the stovetop may be
optimally transferred to the pot or pan for enhancing its efficiency over traditional
stovetops whose shape, size, and location of heating surface cannot be tailored according
to the user’s needs. Additionally, embodiments of the present disclosure provide several
features for enhancing the safety and security of the stovetop, such as a security
mechanism that restricts use of the stovetop to proper entry of a passcode or other
authorization information, such as a finger scan.
[0023] Figs. 1A through 1E illustrate an example stovetop 100 according to the teachings
of the present disclosure. The stovetop 100 includes a heating structure 102 with a flat
upper surface 104 on which objects, such as pot or pans may be supported for heating

food stored therein. The heating structure 102 also includes a housing 106 for housing
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the various components of the stovetop and includes an opening into which a display 108
of a stovetop controller may be mounted for entry of user input for controlling operation
of the stovetop 100.

[0024] The heating structure 102 includes an element mounting member 110 with an
array of donut-shaped dimples 114 on its surface for a corresponding number of heating
elements 116 disposed within the element mounting member 110. The donut-shaped
dimples 114 each house a semi-circular shaped heating element 166 therein. Although
each region of the element mounting member 110 is shown herein as being surrounded
by a donut-shaped depression, it should be understood that that regions of the element
mounting member 110 may have any suitable shape that provides thermal coupling of the
heating elements 116 to the upper surface while providing thermal isolation from other
nearby heating elements 116.

[0025] As best shown in Figs. 1D and 1E, each donut-shaped dimple 114 of the element
mounting member 110 houses a heating element 116, which in this particular
embodiment, is an elongated section of electrically resistive material bent into a coil.
Two holes 120 extend from the dimple 114 to a bottom surface 124 of the element
mounting member 110 for routing wires 122 to the heating element 116. The electrically
resistive material may be any type of material that is heated when energized by an
electrical source of power. For example, the electrically resistive material may include
nichrome wire, molybdenum disilicide, barium titanate, and/or lead titanate ceramic
material.

[0026] The element mounting member 110 is made of a material having a relatively good
tolerance to heat, such as ceramics, or fire brick. A glass plate 112 is provided adjacent
to the element mounting member 110 for thermal coupling of the glass plate 112 to the
element mounting member. The glass plate 112 provides protection for the element
mounting member 110 and forms the upper surface of the heating structure 102 for
support of pots, pans, or other objects to be heated.

[0027] Although the heating element 116 as described herein includes an electrically
resistive material for generating heat under the influence of electrical power, other

embodiments may include other forms of heating mechanisms, such as peltier devices, or
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induction devices that induce heat into objects on the heating surface using magnetic
fields.

[0028] Figs. 2A through 2D illustrate another embodiment of an element mounting
member 200 and associated heating elements 216 according to the teachings of the
present disclosure. The element mounting member 200 may be housed in the housing
106, placed adjacent the glass plate 112, and controlled by a controller similarly to the
element mounting member 110 as shown and described above with respect to Figs. 1A
through 1C. The element mounting member 200 differs, however, from the element
mounting member 110 in that the element mounting member 200 is configured to accept
heating elements 216 made of an electrical resistive material formed into a semi-circular
shape and disposed proximate the upper surface of the element mounting member 200.
[0029] An additional difference between the element mounting member 200 and the
element mounting member 110 is that the element mounting member 200 is configured to
accept and support light indicators 202 for each heating element 216 in which each light
indicator 202 is energized to emit light when its respective heating element 216 is
energized thus providing a visual indication of which heating elements 216 are being
energized at any given point in time.

[0030] Each light indicator 202 is formed from an elongated section of fiber-optic cable
204 encased in a protective shell made of fiberglass or other material having relatively
good heat resistant characteristics. Additionally, the light indicator 202 includes a light
source 206, such as a light emitting diode (LED) that is optically coupled to its respective
light fiber-optic cable 204 such that light generated by the light source 202 is conveyed,
via the fiber-optic cable, to the upper surface 104 of the glass plate 112 that overlays the
element mounting member 200. Although the light indicator 202 is described herein as a
light source 206 optically coupled to a fiber-optic cable 204, it is contemplated that any
suitable type of light source may be used that is sufficiently heat tolerant to remain
functional when subjected to heat typically encountered when the heating elements 216
are energized.

[0031] In the particular example embodiment shown, the element mounting member 200
includes an array of depressions 212 that are arranged in a hexagonal-shaped array across

the element mounting member 200 in which each heating element 216 is mounted within
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one depression 212. In a particular embodiment, each depression 212 is approximately
1.10 inches across its periphery and are spaced apart at approximately 1.25 inches
between the central axis of each element. Nevertheless, it should be appreciated that the
element mounting member 200 may have depressions of any suitable size, such as greater
than 1.10 inches across its periphery or less than 1.10 inches across its periphery.
Additionally, the depressions 212 may be spaced apart at a distance that is less than 1.25
inches or greater than 1.25 inches.

[0032] The heating elements 216 may be any type that generates heat when electrically
energized. Each heating element 216 includes an elongated section of heat generating
material, such as calrod material, that is bent into a semi-circular shape. The selected
material from which the heating elements 216 are made have a specified resistivity to
generate sufficient heat when fashioned into the length as shown in Fig. 2A when bent to
form their semi-circular shape.

[0033] Figs. 3A and 3B illustrate example heating element driver circuits 300 and 350,
respectively, that may be used to energize heating elements of the heating structures of
Figs. 1A through 1E and Figs. 2A through 2D according to embodiments of the present
disclosure. As shown, the heating element driver circuit 300 of Fig. 3A is configured to
selectively energize heating elements arranged in a 6x6 array, while the heating element
driver circuit 350 of Fig. 3B is configured to selectively energize heating elements
arranged in a 4x4 array. Nevertheless, it should be understood that the heating element
driver circuits 300 may be used to energize heating elements arranged in any suitably
sized array, such as an 8x8 array of heating elements as shown in the heating structure of
Figs. 1A through 1E.

[0034] Heating element driver circuit 300 generally refers to a scanning circuit in which
heating elements 116,216 are alternatively energized from a common power source 314,
which may be an alternating current (AC) source or a direct current (DC) source. In this
circuit arrangement, individual rows 302 of heating elements 116,216 are selectively
energized by row switches 304, while columns 306 of the heating elements 116,216 are
selectively energized by column switches 308. Additionally, each heating element
116,216 is coupled in series connection to a diode 310 to ensure that electrical current is

restricted to flow in one direction, for example, in response to inductive loading of the
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heating elements 116,216 that may cause transient voltage spikes when the switches turn
off. In the particular example shown, the diodes are schottky diodes that exhibit a
relatively low voltage drop in the forward bias condition, although any type of diode may
be used. In other embodiments, the diodes may be omitted if restriction of reverse
current flow through the heating elements is not needed or desired.

[0035] Although the row switches 304 and column switches 308 shown in this particular
example are metal oxide semiconductor field effect transistors (MOSFETsS), it should be
understood that any suitable solid-state device, or mechanical switch may be used, such
as relays, insulated gate bipolar transistors, or other bipolar transistors. For the row
switches 304 and column switches 308 embodied as MOSFETs, when control signals 316
have voltage greater than the threshold voltage Vieshola Of the MOSFETS, the MOSFETSs
turn on, and are represented as a logic ‘hi’ condition. Conversely, when signals 316 have
voltage at least less than the threshold voltage Vreshola 0f the MOSFETS, the MOSFETSs
turn off, and are represented as a logic ‘lo’ condition. The control signals 316 are
generated by a controller that will be described in detail herein below.

[0036] The heating element driver circuit 300 functions in a scanning mode for
selectively energizing each heating element 116,216. The heating elements are arranged
in an mxn array having m columns and n rows in which each m’th column of heating
elements electrically coupled to one column switch for selectively energizing its
respective m’th column of heating elements, and each n’th row of heating elements is
electrically coupled to one row switch for selectively energizing its respective n’th row of
heating elements. That is, the row switches 304 and column switches 308 are
alternatively turned on to apply electrical power from a power source 314 to selected
ones of the heating elements 116,216. For example, a particular row switch 304 may be
turned on while certain column switches 308 are turned on to energize those heating
elements 116,216 coupled to that row switch 304 and column switches 308. In this
manner, the controller, via the generated control signals 316, may selectively turn on
certain heating elements 116,216 for heating a desired portion of the heating surface of
the heating structure.

[0037] As shown in Fig. 3B, the heating element driver circuit 350 includes multiple

switches 352 that are controlled by control signals 354, which are similar in design and
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construction to the switches and control signals of the heating element driver circuit 300
of Fig. 3A. The heating element driver circuit 350 of Fig. 3B, however, differs from the
heating element driver circuit 300 of Fig. 3A in that a switch 352 is provided for each
heating element 116,216 in the heating structure. Thus, the heating element driver circuit
350 functions in a static mode in which selected heating elements 116,216 to be heated
are statically turned on via control signals 354 generated by the controller. Thus, the
heating elements 116,216 may be operated at or about 100 percent duty cycle, while the
heating elements 116,216 of the heating element driver circuit 300 of Fig. 3A may be
required to operate at a duty cycle that is less than 100 percent.

[0038] The heating element driver circuit 350 also includes multiple power conversion
circuits 356 that converts a power source 358 to corresponding rows of heating elements
116,216. The power conversion circuits 356 may be any type that converts an available
source of electrical power to a form suitable for use by the heating elements and switches.
In the particular example shown, the power conversion circuits 356 are alternating
current (AC) to direct current (DC) power conversion circuits that convert the alternating
current power source to DC power. Nevertheless, the power conversion circuits 356 may
be omitted if conversion of the power source 358 to a different form is not needed or
desired.

[0039] Although Figures 3A and 3B illustrate examples of heating element driver circuits
that may be used for energizing the heating elements under control of a controller, other
embodiments of heating element driver circuits may be implemented without departing
from the spirit and scope of the present disclosure. For example, buffer circuits may be
included between control signals 316 and 354 and their respective switches that amplifies
the drive current provided by the control signals for enhanced switching of the switches.
[0040] Figures 4A through 4C depict an example stovetop control system 400 according
to aspects of the disclosure that may be used to control the operation of the heating
structure 102 as described above. Nevertheless, it should be understood that the stovetop
control system 400 may be configured to control the operation of any type of stovetop
having multiple heating elements that may be individually energized to selectively heat

differing regions of the stovetop.
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[0041] The stovetop control system 400 includes a heating structure computing device
402 that controls the heating structure using a heating structure controller application 404
and a data source 406. As will be described in detail below, the heating structure
controller application 404 receives shape, size, location, and heat intensity information
associated with a desired region of the heating structure to be heated and controls the
heating structure 102, via a heating structure driver circuit 300, 350, to energize a subset
of the heating elements in the heating structure 102 such that a region of the heating
structure 102 having the desired shape, size, location, and heat intensity is heated.

[0042] A display 108 is also provided that provides for user entry of various operating
aspects of the heating structure 102. For example, the application 404 may generate a
graphical user interface (GUI) 410 on the display 108 that receives user input associated
with various operating aspects of the heating structure 102, such as a temperature setting
of the heating structure 102, a timer setting indicating how long the selected temperature
setting is to be maintained, and other operating characteristics associated with the
operation of the heating structure 102.

[0043] In one embodiment, the application 404 receives the shape, size, location, and/or
heat intensity information that has been manually inputted by the user. For example, the
display 108 may be a touchscreen in which the application 404 generates a request on the
GUI 410 of the display 108 for the user to select a desired shape and size of the heating
structure 102 to be heated, and receives user input in the form of finger gestures
indicating the desired the shape, size, location, and/or heat intensity of the heating
structure 102 to be heated.

[0044] In another embodiment, the application 404 automatically receives shape, size,
location, and/or heat intensity information using multiple sensors mounted inside the
heating structure 102 that are used to automatically indicate the shape, size, location,
and/or heat intensity of the object supported on the heating structure 102. For example,
those heating elements that are disposed directly beneath a pot or pan may have greater
heat sinking capability than other heating elements not having the pot or pan supported
thereon. Thus, sensors embodied as thermal sensors may be configured proximate each
heating element. The application 404 may individually receive signals from each thermal

sensor to detect this difference in thermal sinking capability and automatically remove or
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turn off those heating elements with the reduced heat sinking capability. In some
embodiments, the automatic shape, size, location, and/or heat intensity determination
may be conducted during a relatively short sensing process during the operation of the
heating structure 102. Additionally, the automatic shape, size, location, and/or heat
intensity sensing process may be conducted at periodic intervals (e.g., every 10 minutes)
to automatically adjust for occasional movement of the pot or pan on the heating structure
102 while being heated. As another example, the sensors may be embodied as light
sensors in which the shape, size, location, and/or heat intensity of the pot or pan is
detected due to light that is blocked proximate each heating element.

[0045] The application 404 may also include one or more security features to reduce
potential hazards associated with operation of the heating structure 102. For example, the
application 404 may restrict operation of the heating structure 102 to proper entry of a
password or passcode via the GUI 410 by the user. Additionally, the application 404
may restrict operation of the heating structure 102 via a fingerprint scanner that receives a
fingerprint image from a potential user and compares with one or more stored images to
ensure that only authorized users are allowed to operate the system 400.

[0046] The heating structure computing device 402 includes a processing system 502
(Fig. 5) that executes the heating structure controller application 404 stored in volatile
and/or non-volatile memory 504 (i.e., computer readable media) (Fig. 5) using the data
source 406. Examples of a suitable heating structure computing device 402 include one
or more servers, personal computers, mobile computers and/or other mobile devices, and
other computing devices. In one embodiment, the heating structure computing device
402 is a commercial off-the-shelf (COTS) computing device, such as a personal
computer, a mobile computer, a tablet computer, a mobile device, and/or other computing
device that is configured in or on the housing 106 using one or more mounting
mechanisms, such as screws, bolts, hooks, zip ties, adhesives, track system, or other
attachment mechanisms. Additionally, the heating structure computing device 402 may
be configured on the housing 102 such that its display is oriented in either a landscape
mode or a portrait mode.

[0047] The data source 406 stores standard shape mapping files 412 and one or more user

security files 414. The standard shape mapping files 412 include information associated
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with one or more standard two-dimensional shapes that may be used by the application
404 for selectively energizing certain heating elements of the heating structure. The user
security files 414 includes information associated with user authorization, such as
passwords, passcodes, fingerprint scan information, and the like, that may be used by the
application 404 to restrict operation of the heating structure according to proper
authorization by its user.

[0048] Although the display 108 is shown directly coupled to the heating structure
computing device 402, other embodiments contemplate that the display 108 is configured
on another computing device 420 that is separate and distinct from the heating structure
computing device 402 used to control the operation of the heating structure 102. For
example, the display 108 may be embodied on a remote computing device 420, such as a
smartphone, that executes a mobile app to communicate with the heating structure
computing device 402 using a communication network for conveying control
information, such as temperature settings, timer settings, and/or shape, size, location,
and/or heat intensity information to the heating structure computing device 402 for
controlling the heating structure 102. The communication network can be the Internet, an
intranet, or another wired and/or wireless communication network. In one aspect, the
display embodied on the remote computing device 420 may communicate with the
heating structure computing device 402 using any suitable protocol or messaging scheme.
For example, the remote computing device 420 and heating structure computing device
402 may communicate using a Hypertext Transfer Protocol (HTTP), extensible markup
language (XML), extensible hypertext markup language (XHTML), or a Wireless
Application Protocol (WAP) protocol. Other examples of communication protocols
exist.

[0049] Figure 4B depicts an example embodiment of a remote computing device 420 that
may be used to communicate with the heating structure computing device 402 according
to one aspect of the heating structure control system 400. The remote computing device
420 is a computing or processing device that includes one or more processors 422 and
memory 424 and is to receive data and/or communications from, and/or transmit data
and/or communications to, the heating structure computing device 402. The remote

computing device 420 includes a display 426, which may be, for example, a computer
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monitor, for displaying data and/or a graphical user interface (GUI) 428. The remote
computing device 420 may also include an input device 430, such as a keyboard or a
pointing device (e.g., a mouse, trackball, pen, or touch screen) to enter data into or
interact with the graphical user interface 428. In one embodiment, the display 426
comprises a touchscreen device in which input is provided via contact by the user with
the touchscreen device.

[0050] The remote computing device 420 may also include a graphical user interface (or
GUI) application 432, such as a browser application, or application software (i.e., a
mobile app) stored in the memory 424 and executed on the processors 422 to generate a
graphical user interface 428 to the display 108. The graphical user interface 428 enables
the remote computing device 420 of the user to interact with one or more data entry
forms received from the heating structure computing device 402 to enter detail data and
transmit the entered detail data for controlling operation of the heating structure.

[0051] Fig. 5 is a block diagram depicting an example heating structure controller
application 404 executing on the heating structure computing device 402. According to
one aspect, the heating structure computing device 402 includes a processing system 502
that includes one or more processors or other processing devices. A processor is
hardware. The processing system 502 executes the heating structure controller
application 404 to generate a GUI on the display 108 in order to receive operating
information from a user and control operation of the heating structure according to the
received information. The heating structure computing device 402 may also include an
input device 522, such as a keyboard or a pointing device (e.g., a mouse, trackball, pen,
or touch screen) to enter data into or interact with the graphical user interface 410.
[0052] According to one aspect, the heating structure computing device 402 includes a
computer readable media 504 on which the heating structure controller application 404
and data source 406 are stored. The heating structure controller application 404 includes
instructions or modules that are executable by the processing system 502 to manage
operation of the heating structure.

[0053] The computer readable media 504 may include volatile media, nonvolatile media,
removable media, non-removable media, and/or another available media that can be

accessed by the stored value card activation heating structure computing device 402. By
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way of example and not limitation, computer readable media 504 comprises computer
storage media and communication media. Computer storage media includes non-
transient storage memory/media, volatile media, nonvolatile media, removable media,
and/or non-removable media implemented in a method or technology for storage of
information, such as computer/machine readable/executable instructions, data structures,
program modules, and/or other data. Communication media may embody computer
readable instructions, data structures, program modules, or other data and include an
information delivery media or system.

[0054] A GUI interface module 506 facilitates the receipt of data and/or other
information from the display 108 for configuring operation of the heating structure. In
one example, the GUI interface module 506 generates the graphical user interface (GUI)
on the display 108 for displaying and receiving information from the user. As another
example, the GUI interface module 506 may communicate with the GUI application 432
executed on a remote computing device 420 for displaying and receiving control
information from a user of the remote computing device 420.

[0055] A manual shape/size/location/heat intensity selection module 508 receives
information associated with a manual shape, size, location, and heat intensity of a portion
of the heating structure to be heated and maps the selected shape, size, and location to
certain heating elements 116 that will be energized in a manner to create a heated region
on the heating structure having the selected shape, size, and location and a heat intensity
to be applied to the selected heating elements. For example, the manual
shape/size/location/heat intensity selection module 508 may display a number of standard
shapes (e.g., circles, rectangles, squares, triangles, hexagons, and the like) stored in the
standard shape mapping files 412 for view on the GUI 410 and receive selection of one
shape from the GUI 410 entered by the user. Additionally, the manual
shape/size/location/heat intensity selection module 508 may display a request for a size to
be heated, which may include, for example, a request for an approximate diameter and
location of the shape to be heated and receive the selected size and location information
according to the generated request. As another example, the manual

shape/size/location/heat intensity selection module 508 may display a request for a heat
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intensity to be applied to the heating elements, and receive the selected heat intensity
information according to the generated request.

[0056] An automatic shape/size/location/heat intensity selection module 510 generates
shape, size, location, and heat intensity information associated with a shape, size,
location, and heat intensity of the portion of the heating structure to be heated according
to sensor information received from one or more sensors configured in the heating
structure. For example, the automatic shape/size/location/heat intensity selection module
510 may receive shape/size/location/heat intensity information from multiple light
sensors configured proximate each heating element that detects the presence of a pot or
pan at each heating element for automatically determining the shape, size, location,
and/or heat intensity of the heating structure to be heated.

[0057] A driver circuit interface module 512 receives shape, size, location, and heat
intensity information from the manual shape/size/location/heat intensity selection module
512 or the automatic shape/size/location/heat intensity selection module 512 and maps
the received information into control signals that are transmitted to the heating element
driver circuit 300, 350 for selectively energizing each heating element of the heating
structure according to the shape/size/location/heat intensity information. For example,
the driver circuit interface module 512 may receive shape, size, location, and heat
intensity information representing a circle having a diameter of 6.0 inches from either the
manual shape/size/location/heat intensity selection module 508 or the automatic
shape/size/location/heat intensity selection module 510. Given this information, the
driver circuit interface module 512 maps this information into a selected subset of heating
elements to be energized and generates control signals that are used by the heating
element driver circuit.

[0058] A security module 514 restricts operation of the stovetop control system 600 to
only those users authorized to use the system. For example, the application 404 may
upon initial startup or after a certain period of time in which the stovetop control system
400 has not been used, display a request for user entry of authorization information
through the GUI 410. After the user has inputted the authorization information, the
security module 514 may then compare the entered authorization information with that

stored in the user security files 414. If the entered authorization information has been
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properly entered, the security module 514 may then allow entry of other user input for
operation of the stovetop control system.

[0059] It should be appreciated that the modules described herein are provided only as an
example of a computing device that may execute the heating structure controller
application 404 according to the teachings of the present invention, and that other
computing devices may have the same modules, different modules, additional modules,
or fewer modules than those described herein. For example, one or more modules as
described in Fig. 5 may be combined into a single module. As another example, certain
modules described herein may be encoded and executed on other computing devices,
such as the remote computing device 420 used by the user.

[0060] Fig. 6 illustrates an example process that may be performed by the heating
structure controller application 404 according to the teachings of the present disclosure.
Initially in step 602, the application 404 verifies authorized use of the stovetop. To this
end, the application 404 generates a GUI or other suitable user interface to the display
requesting entry of a password or other form of authorization information. The
application 404 compares this information with the security files 414 stored in the data
source 406 and allows use of the stovetop control system only upon successful
verification of the received information. For example, if an item is sensed on the
stovetop, the application 404 may generate a prompt for authorization on the GUI, and
energize selective heating elements conforming to the shape, size, and location of the
item when proper authorization is received.

[0061] Authorization information other than passwords may be used. For example, the
application 404 may display a region of the GUI which may be touched by a finger of the
user for receiving information associated with a fingerprint. The application 404 may
associated the fingerprint with a particular user and offer one or more preset settings
assigned to that particular user. Additionally, the system may include a camera that
receives information associated with one or more facial features of the user that may be
compared with facial information stored in the security files to ensure the user is
authorized to use the stovetop control system.

[0062] In step 604, the application 404 receives shape, size, location, and heat intensity

information associated with a particular portion of the heating structure to be heated. In
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one embodiment, the shape, size, location, and heat intensity information is manually
entered by the user. For example, the application 404 may receive, via the GUI 410,
information associated with a certain shape, such as a circle including a diameter
representing the portion of the heating structure to be heated. The GUI 410 may be, for
example, implemented on a touch screen device that is mounted on a surface of the
stovetop such that the user can indicate the desired size and shape while facing the
stovetop appliance. In another embodiment, the shape, size, location, and heat intensity
information may be automatically determined using sensors configured in the heating
structure. For example, the application 404 may receive signals from multiple light
sensors configured proximate each heating element that detects the presence of a pot or
pan at each heating element for automatically determining the shape, size, location, and
heat intensity of the heating structure to be heated.

[0063] In step 606, the application 404 determines which heating elements are to be
energized according to the received shape, size, location, and heat intensity information.
The application 404 maps the received shape, size, location, and heat intensity
information to certain heating elements that would generate the desired shape, size,
location, and heat intensity of the region of the heating structure. In one embodiment, the
application 404 may perform an algorithm that calculates which heating elements may be
energized to achieve the desired shape, size, location, and heat intensity. In another
embodiment, the application 404 may access a standard shape mapping file from among
multiple standard shapes that most closely matches the desired shape, size, location, and
heat intensity. For example, the standard shape mapping files may include multiple files
for each of several shapes, such as circles, squares, and rectangles, in which each file
stores heating element mapping information for a particular shape, size, location, and
heat intensity. So when the application 404, for example, receives shape, size, location,
and heat intensity information associated with a circle having a diameter of 7.0 inches,
the application 404 may access a standard shape mapping file that includes mapping
information for energizing those heating elements that would produce a circle at, or close
to, 7.0 inches in diameter.

[0064] In step 608, the application 404 generates control signals for heating selected

heating elements and transmits the control signals to the heating structure. In one
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embodiment, the application 404 may also generate light indicator signals for energizing
light indicators that indicate to the user which heating elements are being energized at
any given point in time. The application 404 may generate the light indicator signal
independently of the control signals used to control operation of the heating elements.
Conversely, the light indicators may be coupled to the control signals used for selectively
energizing the heating elements such that each light indicator is energized whenever its
respective heating element is energized.

[0065] The application 404 may repeatedly perform the above-described steps
throughout operation of the stovetop control system. Nevertheless, when use of the
stovetop control system is no longer needed or desired, the process ends.

[0066] It should be appreciated that the steps described herein are provided only as an
example of a process that is performed by the heating structure controller application 404
according to the teachings of the present invention, and that the heating structure
controller application 404 may perform fewer, more, or different types of steps than those
described herein. For example, the application 404 may perform multiple steps described
above as a single step, or perform a single step as multiple, distributed steps. As another
example, certain steps described herein are performed by other components of the
stovetop control system 400, such as by the remote computing device 420.

[0067] Those skilled in the art will appreciate that variations from the specific
embodiments disclosed above are contemplated by the invention. The invention should
not be restricted to the above embodiments, but should be measured by the following

claims.
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CLAIMS

What is claimed is:

1. A heating appliance comprising:

a heating structure having a lower surface and a flat upper surface for supporting
and imparting heat into an object; and

an array of heating elements arranged on the lower surface of the heating structure
in an mxn array having m columns and n rows, each element thermally
coupled to a region of the structure for heating its respective region of the
structure independently of other regions of the structure associated with
the other heating elements,

wherein a portion of the heating elements are selectively energized such that their
respective regions form a shape and size of the heating structure that is

heated.

2. The heating appliance of Claim 1, wherein the heating structure comprises:
an element mounting member on which the heating elements are mounted; and
a glass plate thermally coupled to the element mounting member, the glass plate

comprising the upper surface.

3. The heating appliance of Claim 2, wherein the element mounting member is

made of a ceramic material.
4. The heating appliance of Claim 1, wherein a portion of the heating elements are
selectively energized such that their respective regions form a specified location of the

heating structure that is heated.

5. The heating appliance of Claim 1, wherein a portion of the heating elements

are selectively energized according to a specified heat intensity.

47842206.1 19



WO 2014/168879 PCT/US2014/033196

Attorney Docket No. 13-075/065620-469328

6. The heating appliance of Claim 3, wherein the ceramic material comprises an
array of depressions into which the heating elements are disposed, each heating element
comprising an elongated section of electrically resistive material bent into a semi-circular

shape.

7. The heating appliance of Claim 1, further comprising a plurality of light
indicators each configured proximate one of the heating elements, each light indicator

configured to generate light when its respective heating element is energized.

8. The heating appliance of Claim 1, wherein the object comprises a pot or pan

adapted to cook food.

9. A selective shape and size heating system comprising:
a plurality of heating elements arranged on a heating structure, each element
thermally coupled to a region of the structure for heating its respective
region of the structure independently of other regions of the structure
associated with the other heating elements; and
a controller coupled to the heating elements to:
receive information associated with a shape and size of a portion of the
heating structure to be heated;

determine a subset of the heating elements to be used for heating the
received shape and size of the heating structure; and

control the subset of heating elements to heat their respective regions of

the heating structure.
10. The selective shape and size heating system of Claim 9, wherein the
information is received from a graphical user interface (GUI), the size and shape

information being inputted by a user.

11. The selective shape and size heating system of Claim 9, wherein the

controller is configured to:
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receive temperature information from an array of sensors coupled to
corresponding ones of the heating elements; and
determine the subset of heating element to be used according to the received

sensor information.

12. The selective shape and size heating system of Claim 11, wherein the sensors
comprise at least one of a plurality of thermal sensors thermally coupled to its respective
heating element, and a plurality of light sensors disposed proximate its respective heating

element.

13. The selective shape and size heating system of Claim 9, further comprising an
array of switches electrically coupled to corresponding ones of the heater elements, each
switch configured to, under control of the controller, selectively energize its respective

heater element.

14. The selective shape and size heating system of Claim 9, wherein the array of

switches comprise an array of metal oxide semiconductor field effect transistor

(MOSFET) devices.

15. The selective shape and size heating system of Claim 9, wherein the heating
elements are arranged in an mxn array having m columns and n rows, each m’th column
of heating elements electrically coupled to one of a plurality of first switches for
selectively energizing its respective m’th column of heating elements, and each n’th row
of heating elements electrically coupled to one of a plurality of second switches for

selectively energizing its respective n’th row of heating elements.

16. A heating method comprising:

receiving, using at least one processor executing instructions stored in at least one
memory, information associated with a shape and size of a portion of the
heating structure to be heated, the heating structure comprising a plurality

of heating elements arranged on a heating structure, each element
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thermally coupled to a region of the structure for heating its respective
region of the structure independently of other regions of the structure
associated with the other heating elements;
determining, using the processor, a subset of the heating elements to be used for
heating the received shape and size of the heating structure; and
controlling, using the processor, the subset of heating elements to heat their

respective regions of the heating structure.

17. The heating method of Claim 16, further comprising receiving the size and
shape information from a graphical user interface (GUI) that is manually inputted by a

user.

18. The heating method of Claim 16, further comprising energizing the subset of
heating elements using an array of switches electrically coupled to corresponding ones of

the heater elements.

19. The heating method of Claim 16, wherein the array of switches comprise an

array of metal oxide semiconductor field effect transistor (MOSFET) devices.

20. The heating method of Claim 16, further comprising:

receiving temperature information from an array of sensors coupled to
corresponding ones of the heating elements; and

determining the subset of heating element to be used according to the received

sensor information.
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