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(57) Abstract: Provided is a system and method for heating an item in a microwave oven. The method includes capturing, with at least
one clectromagnetic field sensor, at least one electromagnetic field measurement of a microwave chamber, each electromagnetic field
measurement of the at least one electromagnetic field measurement corresponding to a region in the microwave chamber, generating
an electromagnetic field map of the microwave chamber based on the at least one electromagnetic field measurement, capturing, with
at least one sensor, a plurality of thermal measurements of the item being heated in the microwave chamber, each thermal measurement
of the plurality of thermal measurements corresponding to a region on the item, and controlling at least one of a position of the item
and the electromagnetic field while the item is being heated in the microwave chamber based on the electromagnetic field map and

the plurality of thermal measurements.
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SYSTEM AND METHOD FOR HEATING AN ITEM IN A MICROWAVE OVEN

CROSS-REFERENCE TO RELATED APPLICATION
{0001} This application claims priority to U.S. Provisional Patent Application
No.62/921,538, filed June 21, 2019, the disclosure of which is hereby incorporated by
reference in its entirety.
BACKGROUND OF THE INVENTION

1. Field

[0002] This disclosure relates generally to heating an item with electromagnetic
waves and, in non-limiting embodiments, 1o a system and method for heating an item
in a microwave oven based on thermal and electromagnetic measurements.

2. Technical Considerations

{0003] Microwave ovens have been used for decades to heat food items using
slectromagnetic waves. Many microwave ovens ulilize a turntable to rotate the food
within the microwave oven during heating of the food in order to more evenly distribute
the heating of the item. However, the use of a turntable still resulis in a blind heating
of the food item. Such heating methods result in non-uniform heating of the item with
unpredictable healing distributions. Food items can end up with undesired hot and/or
cold spots after being heated in a microwave. ftems that are composed of different
materials may also require that the different materials are exposed to different
slectromagnetic fields in order 1o achieve the same temperature. Additionally, some
food items may require that certain areas are healed to a different temperature than
other areas of the item. For example, if both a steak and rice are put in the microwave
at once, it would be desired to heat the steak o a different temperature than the rice.
However, current microwave technologies do not efficiently or economically allow for
a microwave oven to accomplish this. Therefore, there is a need for a microwave
capable of evenly disiributing heat using electromagnetic waves to efficiently heat an
item while also aliowing for the ability to heat certain portions of an item at different
temperatures.
SUMMARY

[0004] According to non-limiting embodiments or aspects, provided is a method for
heating an ilem in a microwave oven comprising: capturing, with at least one
electromagnetic field sensor, at least one electromagnetic field measurement of a

microwave chamber, each slectromagnetic field measurement of the at least one
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electromagnetic field measurement corresponding o a region in the microwave
chamber; generaling an electromagnetic field map of the microwave chamber based
on the at least one electromagnetic field measurement; capturing, with at least one
sensor, a plurality of thermal measurements of the item being heated in the microwave
chamber, each thermal measurement of the plurality of thermal measurements
corresponding to a region on the item; and controlling at least one of a position of the
item and the electromagnetic field while the item is being heated in the microwave
chamber based on the eleclromagnetic field map and the plurality of thermal
measurements.

[0005]  In non-limiting embodiments or aspects, the method may further comprise
arranging at least one microwave susceptor on the item. Controlling the
electromagnetic field may comprise arranging at least one microwave shield in the
microwave chamber.

{006068] In non-limiting embodiments or aspects, generaling the electromagnetic
field map may comprise applying an electromagnetic field to at least one neon light
located within the microwave chamber; sensing, with at least one photo-sensor, a light
emission by the at least ane neon light; and estimating the electromagnetic field based
on a location of the at least one neon light and at least one of a flashing frequency and
a brightness of the al least one neon light.

{00077  In non-limiting embodiments or aspects, the at least one photo-sensor is
located outside of the microwave chamber and the light emission by the at least one
neon light is transferred outside of the microwave chamber through a fiber optic cable.
{0008} Innon-limiting embodiments or aspects, conirolling at least one of a position
of the item and the electromagnetic field may comprise: comparing the plurality of
thermal measurementis {0 a desired heating pattern; determining a difference between
the plurality of thermal measurements and the desired heating patiern; determining an
estimated change in an electromagnetic field strength required to reduce the
difference based on the electromagnetic fieid and a calculated future temperature; and
adjusting the electromagnetic field based on the estimated change. The plurality of
thermal measurements may be continuously compared 1o the desired healing paitern.
The desired heating patiern may be a uniform temperature for each of the plurality of
thermal measurements. The desired heating pattern may be predetermined based on
a type of item placed within the microwave chamber.
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{06091 In non-limiting embodiments or aspects, the item may be arranged on a
turntable within the chamber, and controlling the position of the item may comprise
altering at least one of the rate of rotation and the direction of rotation of the turntable.
{0010}  According to non-limiting embodimenis or aspects, provided is a system for
heating an Hem in a microwave oven, the syslem comprising: at least one
slectromagnetic field sensor configurad to capture at least one electromagnetic field
measurement of a microwave chamber, sach electromagnetic field measurement of
the at least one electromagnetic field measurement corresponding 1o a region in the
microwave chamber; generating, with at least one processor, an electromagnetic field
map of the microwave chamber based on the at least one electromagnetic field
measurement; at least one sensor, the sensor configured 1o capture a plurality of
thermal measurements of the ilem being heated in the microwave chamber, each
thermal measurement of the plurality of thermal measurements corresponding o a
region on the item; and controlling, with at least one processor, at least one of a
position of the item and the electromagnetic field while the itemn is being heated in the
microwave chamber based on the electromagnetic field map and the plurality of
thermal measurements.

00117  In non-limiting embodiments or aspects, the system may comprise
arranging at least one microwave susceptor on the item. Controlling the
electromagnetic field may comprise arranging at least one microwave shield in the
microwave chamber.

[0012]  In non-limiting embodimenis or aspects, generaling the electromagnetic
field map may comprise: applying an electromagnetic field to at least one neon light
located within the microwave chamber; sensing, with al least one photo-sensor, a light
ernission by the al least one neon light; and estimating, with at least one processor,
the electromagnetic field based on a location of the at least one neon light and at least
one of a flashing frequency and a brighiness of the at least one neon light.

{0013} Innon-limiting embodiments or aspects, the at least one photo-sensor may
be located outside of the microwave chamber and the light emission by the at least
one neon light is transferred oulside of the microwave chamber through a fiber optic
cable.

[0014] Innon-limiting embodiments or aspects, controlling at least one of a position
of the item and the electromagnetic field may comprise: comparing, with at least one
processor, the plurality of thermal measurements to a desired heating patiern;
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determining, with at least one processor, a difference between the plurality of thermal
measurements and the desired healing pattern; determining, with at least one
processor, an estimated change in an electromagnetic field sirength required fo
reduce the difference based on the eleclromagnetic field and a calculated future
temperature; and adjusting, with at least one processor, the electromagnetic field
based on the estimated change.

{00157 In non-imiting embodiments or aspects, the pluralily of thermal
measuremenis may be continuously compared to the desired healing pattern. The
desired heating pattern may be a uniform temperature for each of the piurality of
thermal measurements. The desired heating pattern may be predetermined based on
a type of item placed within the microwave chamber.

{0016]  In non-limiting embodiments or aspects, the item may be arranged on a
turntable within the chamber, wherein controlling the position of the item comprises
altering at least one of the rate of rotation and the direction of rotation of the turntable.
{00177  Other non-limiting embodiments or aspects will be set forth in the following
numbered clauses:

{0018} Clause 1. A method for heating an item in a microwave oven comprising:
capluring, with at least one electromagnetic field sensor, at least one electromagnetic
field measurement of a microwave chamber, each electromagnetic field measurement
of the at least one electromagnetic field measurement corresponding to a region in the
microwave chamber; generaling an electromagnetic field map of the microwave
chamber based on the al least one electromagnelic field measurement; capturing, with
af least one sensor, a plurality of thermal measuremenis of the item being heated in
the microwave chamber, each thermal measurement of the plurality of thermal
measurements corresponding 1o a region on the item; and controlling at leastone of a
position of the item and the eleciromagnetic field while the item is being healed in the
microwave chamber based on the electromagnetic field map and the plurality of
thermal measurements.

{00191 Clause 2. The method of clause 1, further comprising arranging at least one
microwave susceptor on the itlem.

[0020] Clause 3. The method of clause 1 or 2, wherein controliing the
electromagnetic field comprises arranging at least one microwave shield in the

microwave chamber.
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[0021] Clause 4. The method of any of clauses 1-3, wherein generating the
electromagnetic field map comprises: applying an electromagnetic fisld to at least one
neon light located within the microwave chamber; sensing, with at [east one photo-
sensor, a lighi emission by the at least one neon light; and estimating the
glectromagnetic field based on a location of the at least one neon light and at least
one of a flashing frequency and a brightness of the at least one neon light.

[0022] Clause 5. The method of any of clauses 1-4, wherein the at least one photo-
sensor is located outside of the microwave chamber and the light emission by the at
least one neon light is transferred outside of the microwave chamber through a fiber
optic cable.

[0023] Clause 6. The method of any of clauses 1-5, wherein controliing at least one
of a position of the item and the eleciromagnetic field further comprises: comparing
the plurality of thermal measurements to a desired heating patiern; determining a
difference between the plurality of thermal measurements and the desired heating
patltern; determining an estimated change in an electromagnetic field strength required
to reduce the difference based on the electromagnetic field and a calculated future
temperature; and adjusting the slectromagnetic field based on the estimated change.
[0024] Clause 7. The method of any of clauses 1-8, further comprising continuously
comparing the plurality of thermal measurements {o the desired heating pattern.
{0025] Clause 8. The method of any of clauses 1-7, wherein the desired heating
pattern is a uniform temperature for each of the plurality of thermal measurements.
[0026] Clause 9. The method of any of clauses 1-8, wherein the desired heating
pattern is predetermined based on a type of ilem placed within the microwave
chamber.

[0627] Clause 10. The method of any of clauses 1-9, wherein the item is arranged
on a turntable within the chamber, and wherein conirolling the position of the ilem
comprises altering at least one of the rate of rofation and the direction of rotation of
the turntable.

{0028] Clause 11. A system for heating an item in a microwave oven, the system
comprising: at least one electromagnetic field sensor configured to capture at least
one electromagnetic field measurement of a microwave chamber, each
electromagnetic field measurement of the at least one electromagnetic field
measurement corresponding 1o a region in the microwave chamber; generating, with

at least one processor, an electromagnetic field map of the microwave chamber based
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on the at least one electromagnetic field measurement; at least one sensor, the sensor
configured to capture a plurality of thermal measurements of the item being heated in
the microwave chamber, each thermal measurement of the plurality of thermal
measurements corresponding to a region on the item; and controlling, with at least one
processor, at least one of a position of the item and the electromagnestic field while the
item is being heated in the microwave chamber based on the electromagnetic field
map and the plurality of thermal measuremenis.

[0029] Clause 12. The system of clause 11, further comprising arranging at least
one microwave suscepior on the item.

[0630] Clause 13. The system of clause 11 or 12, wherein conbolling the
electromagnetic field comprises arranging at least one microwave shield in the
microwave chamber.

{0031] Clause 14. The system of any of clauses 11-13, wherein generaling the
slectromagnetic field map comprises: applying an slectromagnetic field to at least one
neon light located within the microwave chamber; sensing, with at least one photo-
sensor, a light emission by the at least one neon light; and estimating, with at least
one processor, the electromagnetic field based on a location of the at least one neon
light and at least one of a Hashing frequency and a brightness of the at least one neon
light.

{00321 Clause 15. The system of any of clauses 11-14, wherein the at least one
photo-sensor is located outside of the microwave chamber and the light emission by
the at least one neon light is transferred ocutside of the microwave chamber through a
fiber optic cable.

[0033] Clause 16. The system of any of clauses 11-15, wherein controlling at lsast
one of a position of the item and the electromagnetic field further comprises:
comparing, with at least one processor, the plurality of thermal measurements to a
desired heating paitern;  determining, with at least one processor, a difference
between the plurality of thermal measurements and the desired heating patiern;
determining, with at least one processor, an estimated change in an electromagnetic
field strength required to reduce the difference based on the electromagnetic field and
a calculated future temperature; and adjusting, with at least one processor, the
electromagnetic field based on the estimated change.
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[0034] Clause 17. The sysiem of any of clauses 11-18, further comprising
continuously comparing the plurality of thermal measurements 1o the desired heating
pattern.
{00358] Clause 18. The system of any of clauses 11-17, wherein the desired heating
pattern is a uniform temperature for each of the plurality of thermal measurements.
{00368] Clause 19. The system of any of clauses 11-18, wherein the desired heating
pattern is predetermined based on a type of ilem placed within the microwave
chamber.
[0037] Clause 20. The system of any of clauses 11-18, wherein the item is arranged
on a turntable within the chamber, and wherein controlling the position of the item
comprises altering at least one of the rate of rolation and the direction of rotation of
the turntable.
{0038] Clause 21. The system of any of clauses 11-20, wherein the desired heating
pattern comprises a plurality of temperatures corresponding to a plurality of points on
a surface of the ilem, wherein the plurality of temperatures comprises af least two
different temperaiures.
{00381 Clause 22. The system of any of clauses 11-21, wherein generating the
electromagnetic field map comprises: applying an electromagnetic fisld to at least one
dipole antenna located within the microwave chamber; converting, with at least one
rectifier, an electric current emitted by the at least one dipole antenna o a direct
current; and estimating the electromagnetic field based on a location of the at least
one dipole antenna and the direct current of the at least one dipole antenna.
[0040] Clause 23. The system of any of clauses 11-22, wherein the item is arranged
on a 6DoF platform within the microwave chamber, and wherein controlling the
position of the Htem comprises altering at least one of the following: a longitudinal
location, a latitudinal localion, an elevation, a pitch angle, a yaw angle, a roll angle, or
any combination thereof.

BRIEF DESCRIPTION OF THE DBAWINGS
{00417  Additional advantages and details are explained in greater detail below with

reference 1o the exemplary embodiments that are lllustraled in the accompanying
schematic figures, in which:
{00421 FIG. 1 is a block diagram of a system for heating an item in a microwave

oven according to a non-limiting embodiment;
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[0043] FIG. 2is a neon light for measuring eleciromagnetic field sirength according
to a non-limiting embodiment;
[0044] FIG. 3is an array of neon lighis attached 1o a turntable of a microwave oven
according to a non-liming embodiment;
{0045] FIG. 4is a flow diagram of a method of heating an item in a microwave oven
according 1o a non-limiting embodiment; and
{00487 FIG. 5 illustrates example components of a computing device used in
connection with non-limiting embodiments.

BESCRHIPTION
[0047] For purposes of the description hersinafter, the terms “end,” “upper,”

55 bk 95 <k LTS 95 % o«

“lower,” "right,” “left,” “vertical,” "horizortal,” “top,” "bottom,” Yateral,” “longitudinal,” and
derivatives thereof shall relate to the invention as it is oriented in the drawing figures.
However, it is to be understood that the invention may assume various alternative
varigtions and step sequences, except where expressly specified 1o the contrary. It is
also 1o be undersiood that the specific devices and processes illustrated in the
aftached drawings, and described in the following specification, are simply exemplary
embodiments or aspects of the invention. Hence, specific dimensions and cther
physical characteristics related to the embodiments or aspects disclosed herein are
not to be considered as limiling.

{0048] No aspect, component, element, structure, act, step, function, instruction,
and/or the like used herein should be construed as critical or essential unless explicitly
described as such. Also, as used herein, the articles “a” and “an” are intended {0
include one or more items and may be used inferchangeably with “one or more” and
“at least one.” Where only one item is intended, the ferm “one” or similar language is

LT

used. Also, as used herein, the terms “has,” “have,” "having,” or the like are intended
to be open-ended terms. Further, the phrase “based on” is intended to mean “based
at least partially on” unless explicitly stated otherwise.

{00481 As used herein, the terms “communication” and “communicate” refer to the
receipt or transfer of one or more signals, messages, commands, or other type of data.
For one unit (e.g., any device, system, or component thereof) 1o be in communication
with ancther unit means thal the one unit is able to directly or indirecily receive data
from and/or transmit data to the other unit. This may refer to a direct or indirect
connection that is wired and/or wireless in nature. Additionally, two unils may be in

communication with each other even though the data transmitted may be modified,
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processed, relayed, and/or routed between the first and second unit. For example, a
first unit may be in communication with a second unit even though the first unit
passively receives data and does not aclively transmit data 1o the second unit. As
another example, a first unit may be in communication with a second unit if an
intermediary unit processes data from one unit and transmits processed data to the
second unit. It will be apprecialed that numerous other arrangements are possible.
[0050] As used herein, the term “microwave susceptor” refers to a material that
redirects electromagnetic maierials foward itself. A microwave susceptor may be
made of a silicon carbide material, as an example, although any material having such
properties may be used. In some examples, a microwave susceplor may include a
material that absorbs microwave energy (e.9., a microwave sponge). The material of
a microwave susceptor may reach temperatures of 200+°C within 1 minute of
microwaving, as an example, although other variations and material properties are
possible.

{0051 As used herein, the term “microwave shield” refers 0 a material that
redirects electromagnetic materials away from a location within the microwave
chamber. For example, a microwave shield may reflect microwave energy away from
specific regions within the microwave chamber. Microwave shields may be metallic
spheres, as an example, aithough other variations are possible. In some examples,
the metallic spheres may be approximately 3.175 mm in diameter, although many
other sizes are possible. Metallic spheres can be salely used in a microwave because
they do not have any edges. As another example, microwave shields may include
radio-reflective stirrer blades to deflect the slectromagnetic waves.

[0052] As used herein, the term “waveguides” refers 10 a material and/or device
used io redirect electromagnetic waves. For example, waveguides may include
microwave shields and microwave susceptors.

{00531 FIG. 1 depicts a system 1000 for heating an item in a microwave oven 100
according 1o non-limiting embodiments. The system 1000 includes a microwave oven
100 having a chamber 102 to receive an item 150. The system 1000 also includes at
least one electromagnetic field sensor 110, and al least one thermal sensor 120. The
electromagnetic field sensor 110 may capture at least one measurement of the
electromagnetic field corresponding to a region in the microwave oven 100 in which

the electromagnetic field sensor 110 is located.
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[0054] The system 1000 for healing an ilem in a microwave oven 100 may be
retroactively installed in an existed microwave oven 100 or, in other examples, a
microwave oven 100 may be manuiactured with the system incorporated into the
structure of the microwave oven 100.

{0055] The microwave oven 100 contains at least one electromagnetic (EM) wave
generator 170 {e.g., a magnetron, a solid state transmitter, and/or the like), and a
microwave chamber 102 that will be the target of the EM fields and receives the item
150. The microwave chamber 102 may be encased in a mesh io reduce leakage of
EM fields to cutside of the microwave chamber 102 {e.q., using a metallic Faraday
cage). The mesh may include holes that are smaller than the wavelength of the
microwave signal.

[0056] An item 150 or object may be arranged inside of the microwave chamber
102. The item 150 may be a consumabile item, such as food or beverage, or the item
150 may be a non-consumable item. The item 150 may be arranged on top of a
platform 160, such as a turniable. The item 150 may also be arranged in a vessel
placed on the platform 160, such as a cup, bowi, plate, and/or the like. The platform
180 may be circular in shape, or may be rectangular, oval, triangular, and/or the like.
The platform 160 may be movable, such as being configured 1o rofate in clockwise
and/or counter-clockwise directions, to move in longitudinal and/or latitudinal
directions, and/or to maove up and/or down {e.g., changing elevation). In non-limiting
embodiments, the platform may be suspended (e.g. supported by strings, poles,
and/or the like) allowing movement of the item by manipulation of the supports of the
platiorm. The platform may inciude a 6-degrees of freedom (8DoF) platform to allow
more degrees of freedom. The 6DoF platform may allow movements in the
longitudinal, latitudinal, and/or up and/or down directions (e.g., changing elevation)
and may allow rotation about three perpendicular axes, including in the pitch, yaw, or
roll directions. Additional degrees of freedom of movement will allow for finer actuation
accuracy. In non-limiting embaodiments, the platform may be able fo tilt on an axis.
{00577  In non-limiting embodiments, the electromagnetic field sensor 110 may
include and/or utilize thermal pigments, thermal papers, radic receivers, and/or the
like. Radio receivers may be used {o measure the leakage out of the microwave
chamber 102 and be arranged on the ouiside of the microwave chamber 102 o
minimize the detrimental effects of the electromagnetic field on the radic receivers. In
non-limiting embodiments, the electromagnetic field sensor 110 may include at least

10
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one dipole antenna. The dipole antenna may feed into at least one rectifier to measure
the EM field strength based on the direct electrical measurements. In non-limiting
embodiments, referring to FIG. 2, shown is an electromagnetic field sensor 110 in the
form of a neon light 200. The neon light 200 may be Radio Frequency {(RF)-powered.
{00581  In non-limiting embodiments, the neon lights 200 may be located on the
platform, sidewalls, door, floor, and/or ceiling of the microwave chamber. The neon
lights 200 may also be located on any other surface in the microwave chamber 120,
such as a confainer (e.g., vessel or the like) arranged on the platform 160. The
container may be intended 1o be removed from the microwave chamber 120 after
heating of the item 150 is completed. For example, the neon lights 200 may be
arranged on, in, and/or under a platform 160 located in the chamber of the microwave
102. FiG. 3 shows a non-limiting embodiment in which the neon lights 200 are
arranged with respect to the platform 160 in a pattern extending radially outward from
a center of the platform 180. The platform 1680 and/or a container arranged on the
platform 160 may be made of a clear malerial, such as glass or plastic. The neon
lights 200 may be arranged in an array in the microwave chamber. The neon lights
200 may be spaced such that the spacing between the neon lights 200 is less than the
wavelength of the EM signal. In a non-limiting embodiment, the spacing may be 3 cm
or less. In non-limiting embodiments, numerous neon lights 200 may be used on
multiple surfaces. For example, in the non-limiting arrangement shown in FIG. 3, 32
neon lights 200 may be placed on the platform 160 and 32 neon lights 200 may be
placed on a container arranged on the platform.

[0058] Referring to FIG. 2, a benefit of a neon light 200 is that it is microwave-safe
and inexpensive, lacking sharp-edged metals that can cause sparks or fire and plastics
that may release chemicals when heated, neither of which is desirable in proximity to
food or electronic components. The neon light 200 may include a glass bulb 210 that
contains neon gas 220 and, in some examples, a mixture of gases. The neon light 200
may include two electrodes 230, an anode and a cathode. The discharge of the
electrodes 230 avoids energy accumulation in the neon light 200. The neon light 200
may consume a minimal amount of the microwave energy, e.g., about 19.5 mW versus
1100 W of the microwave oven. The bulbs 210 of the neon lights 200 may be about 5
mm in diameter and 13 mm in length, although various shapes and sizes may be used.
[0660] In non-limiting embodiments, and with continued reference to FIG. 2, the
sensitivity of the neon lighlts 200 to changes in the EM field may be adjusied by

11
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changing the length of elecirode wire extensions 240 of the neon lights 200. The
sensitivity of the neon lights 200 is set such that the neon lights 200 are not too
sensitive (e.g., sensitive past a threshold where the neon lighis 200 could be caused
to burn out when exposed to a sirong EM field) and are not under sensitive (e.g.,
sensitive below a threshold such that the neon lighis 200 would not light up when
exposed to a low EM field). In order to provide a more fine-grained resolution of the
EM field in the microwave chamber 102, the majority of the neon lighis 200 may be
configured o be constantly on or flashing at various frequencies when exposed {o the
EM field of the microwave. The wire extensions 240 may be between 0 mm and 15
mm or longer in length, as an example. In non-limiting embodiments, the wire
extension 240 may be about 8 mm in length.

{0061}  Still referring to FIG. 2, the neon lights 200 may glow in response 1o being
exposed to an EM field. The EM field may create a potential difference between two
slectrodes 230 of the neon lights 200, causing electrons 1o accelerate away from the
cathode and collide with the neon gas 220 atoms and/or molecules. The EM field may
result in a potential difference ranging from, for example, 100 V to a several kV
between the two electrodes. The collision will cause a light emission, thereby causing
the neon light 200 to glow. The brightness of the light emission is proportional to the
strength of the EM field. Below a threshold sirength, the neon light 200 will remain
dark and will not emit light. After the EM field reaches the threshold strength, while the
EM field strength increases at a location corresponding to the neon light 200, the
brightness of the light emission will increase. The threshold strength for a particular
neon light 200 may depend on the minimum ionizing voltage required o keep the gas
220 in the neon light 200 ionized. The minimum ionizing voltage may depend on a
number of factors, such as the type of electrodes 230, the type of coatings used for
the electrodes, the composition of the gas 220, the gas pressure, and/or the like. The
brighiness of the emission of the neon light 200 may be measured to determine the
EM field strength at a location corresponding io the neon light 200 {e.g., a location in
the chamber that is co-located or adjacent the neon light 200).

{00627 The light emissions of the neon lights 200 may be delected by a photo-
sensor 112, such as a visible light camera. Detection of the light emissions allow the
phot-sensor to capture the real-time EM field strength. The photo-sensor 112 may be
located outside of the microwave chamber 102. By placing the photo-sensor 112
outside the chamber 102, the photo-sensor 112 may be protected from the EM field.
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in non-limiting embodiments, the photo-sensor 112 may be located outside an opening
of the microwave chamber 102 (e.g., a door or window of the microwave 100) such
that the photo-sensor 112 is facing into the microwave chamber 102 through the
opening of the microwave chamber 102. The opening may have a mesh {0 reduce
leakage of electromagnetic waves through the opening and may be covered by a
transparent or ranslucent material.

[0063] The light emissions of at least one neon light 200 may be obstructed from
view of the photo-sensor 112 during operation of the microwave oven 100 due o an
itemn or object being located between the neon light 200 and the photo-sensor 112.
Therefore, in non-limiting embodiments, the light emissions may be redirected to place
the light in view of the photo-sensor 112. For example, the light emission from the
neon lights 200 may be redirected to be put in the view of the pholo-sensor 112 by
using optic fibers. In some non-limiting embodiments, the photo-sensor 112 may be
located outside of the microwave chamber 102 but within the microwave 100. In other
non-limiting embodimenis, the photo-sensor 112 may be localed outside of the
microwave 100. One end of one or more optic fibers may be located at the neon light
200 while the second end of the optic fibers may be in the field of view of the photo-
sensor 112, The end of the optic fibers in the view of the photo-sensor 112 may be
static, such that if the neon light 200 moves location, the end of the optic fibers in view
of the photo-sensor remains in place. The optic fibers may be 1 mm in diameter, for
example, although other sizes may be used. The optic fibers may be made of a
microwave-sale material, such as glass. The oplic fibers may exiend from the neon
light 200 (e.g., one or more optic fiber for each neon light) and through the walls, door,
floor, and/or ceilling of the microwave chamber 102. In some non-imiting
embodiments, the optic fibers may be sized to fit through the mesh of the microwave
100. The oplic fibers may also be routed through the vent of the microwave 100 in
some non-limiting embodiments. The light emissions may aiso be redirected using
other means, such as mirrors and/or other reflecting surfaces.

{0064] Innon-limiting embodiments, more than one color may be used for the neon
lights 200 arranged in the microwave chamber 102. For neon lighis located on moving
surfaces {e.g., a turntable or other platform), fracer neon lights may be used as
reference points on the moving surface. For example, most of the neon lights on the
moving surface may be orange and several {e.g., fewer than the number of orange

lights) neon lights may be blue. The relative locations of the tracer neon lights are
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known (e.g., predefined). The locations of the fracer neon lights may be used 1o
determine the location of the remaining neon lights 200 as the surface moves. The
movable neon lights may be tracked using optical flow techniques.

[0065]  In non-limiting embodiments, the photo-sensor 112 may be a visual camera,
The visual camera may capture the brighiness of the neon lights 200 in a real-time
video stream. The optical fibers may be concentrated in a specific portion of the frame
of the photo-sensor 112 {e.g., the top left corner of the frame of the visual camera).
The frame of the visual camera may also view the microwave chamber 102 direcily at
the same time as viewing the optical fibers. The photo-sensor 112 may measure the
brightness of the neon lights 200 continuously or continually. For example, the
brighiness may be measured every 0.1 second interval. 1t should be appreciated that
other types of electromagnetic field sensors 110 may be used in a similar manner,
gither partially or fully, as described for the implementation of the neon lights 200.
{0068] In non-limiting embodiments, the measurements from the electromagnetic
field sensor 110 may be used to generale an EM field intensity map of the microwave
chamber 102. The EM field intensity map may be 3D or may be 2D. In embodiments
in which necn lights 200 are used as the electromagnetic field sensor 110, an image
may be captured of the neon lights 200 and/or the end of the optical fibers. The image
may be converted to grayscale and a brightness score of the neon lights 200 and
optical fibers may be calculated based on the sum of the pixel values around the neon
light 200 or optic fiber end. The sum of the pixel values may be considered the
brightness score of the eleclromagnetic field sensor. The brighiness score is assigned
to the known location of the respective neon light 200. The brightness score may also
be calculated based on the measured flashing frequency of the neon light 200.
[0867] In non-limitling embodiments, the brightness score or flashing frequency
may be used to estimate the EM field sirength atl the neon light 200. The EM field
strength may be determined from empirical data of known EM field strengths from
neon lamps at the same location from testing. The EM field strength at other locations
within the microwave chamber 102 may be calculated based on a spatial interpolation
of the EM field sirengiths of the neon light locations. For example, the spatial
interpolation may be based on a cubic-spline interpolation. The EM field strength may
be calculated at locations in the same geometric plane as the neon light locations or,
in other examples, may be calculated in 3D space from the neon light locations. The
measured and calculated EM field strengths may be mapped into g fine-grained spatial
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resolution 2D or 3D EM field intensity view of the inside of the microwave chamber
102.

[0068] In non-limiting embodiments, the thermal sensor 120 may measure the
current temperature of the surface of the item 150 located within the microwave
chamber 102. The thermal sensor 120 may be located on the roof, sidewall, door, or
floor of the microwave chamber 102, as examples. In non-limiting embodiments, more
than one thermal sensor may be arranged in different locations to measure different
surfaces of the item 150. The thermal sensor may include a thermal camera in some
examples. The thermal camera may have an accuracy of £2.5°C or better 1o achieve
accurate resuits, although various thermal cameras may be used. The thermal sensor
120 may measure a plurality of thermal measurements, each thermal measurement
corresponding fo a region on the surface of the iterm 150. In some examples, the
sensor oulpul may be converted {0 a square array using interpolation calculations,
such as a cubic-spline interpolation, of the thermal measurements.

{00691 In non-limiting embodiments, the EM field and the current temperature may
be used to estimate the fulure temperature of the item. The thermal measurements
alone allow for a current temperature of the item o be measured. Once the item is
heated, the effect of the EM exposure cannot be undone and the heating process from
that exposure may continue after the instantanecus temperature measurement.
Therefore, in order o provide better control of the heating of the item, it is beneficial
to predict what the fulure temperature of the item 150 will be and make adjusiments
to the EM field sirength before the itermn 150 reaches that fulure temperature. This may
not be calcuiable with the EM field strength measurements alone because the same
EM field strength may have different effects on different items 150 due to differences
in the material compositions of the item 150. Additionally, integrating EM fisld
intensities over time may resull in a progressive build-up of errors. However, by
combining the EM field iniensity with the thermal measurements, taking into account
any movement of the item, a more accurate estimate of the future temperature can be
obtained. The use of the thermal measurements allow for the consideration of the
material properties and helps avoid drifting of the EM field 1o temperalure mapping
due fo errors.

{00707  Innon-limiting embodiments, the future temperature {P{i+1)) of the item 150
may ve calculated using an Extended Kalman Filter model. The future temperature
based on current temperature at time f can then be calculated by Pi+1) = P + P,

15



WO 2020/257751 PCT/US2020/038891

where F'is the temperature gradient of the microwave for the current temperature P,
where P’ = kE, where k is a constant that depends on the material properties of the
itern 150, and where £ is the EM field sirength. The observed temperature, z(i+1},
may differ from the item temperature by a noise n, such that z(i+1) = P{{+1) + n. The
EM measurements and estimates, along with the thermal measurements and
gstimates may then be used 1o estimate the value of k for the varicus points of the
item 150 as well as refining the lemperalure and gradients over time.
{06711  Innon-limiting embodiments, it may be determined that the EM field strength
at a particular location may need to be changed, such as increasing or decreasing the
EM field strength at the particular location, based on the calculated future temperature.
For example, the calculated future temperature may be compared to a desired
temperature.
{00721 In non-limiting embodiments, for analysis, the surface of the item 150 may
be divided into m pixels B = {84, Ba,...Bn}, and the 3D coordination of the pixels may
be represented as {x, yi. 2} where i € {1, 2, ... m}. The mapping function f maps the
pixels and the timestamps to desired temperatures through the D minutes of heating
in the microwave oven:

B j=pyie{t,2, .. mO0<j< D
where | denotes the timestamp since start of the heating process, and pj represents
the desired temperature for the # pixel at the timestamp J.
[0073] The current temperalure at each of the m pixels, C = {c1, Cz,..., O}, I8
measured by the thermal sensor. The current temperature C is compared io the
desired heating pattern B, /. The temperature difference between the current
temperature or estimaled fulure temperaiure and the desired temperature is
represented by the heating gap G = {g1, g2,.... gm}. The EM field sirength of at least
one pixel may be adjusted based on the heating gap.
[0074] The EM field strength at specific locations of the item 150 may be adjusted
during operation of the microwave oven 100 through actuations. These actuations may
include moving the item 150, changing the size of the microwave chamber 102, using
waveguides, moving the EM source, and/or altering the sirength of the EM source.
The item 150 may be moved in any axis in 3D space, for example, and may be moved
in a latitudinal direction, a longitudinal direction, and/or an upward or downward
direction {(e.g., elevation). The item may be arranged on a platform 160 inside the
microwave chamber 102, such as a turntable or any surface of or attached to an
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actuation device 107, such as a rotating mechanism, gripping mechanism, hanging
platform, and/or the like.

[0675] In non-limiting embodiments, the aclualion device 107 may be in
communication with a controller 101, The controller 101 may include a computing
device, such as one or more processors infernal or extemnal to the microwave oven
100. The controlier 101 may be configured to control the operations of the actuation
device 107 and may be configured to control the EM wave generalor 170 (e.q.,
microwave generator). Control of the EM wave generator 170 may include furning the
microwave generator 170 on or off, changing the phase/frequency, beamforming,
and/or the like. The controller 101 may be configured to communicate with the thermal
sensor 120 and the photo-sensor 112. The controller may be in communication with
other sensors located inside or oulside of the microwave chamber 102 {e.g. a humidily
sensor). In non-limiting embodiments, the controller may be configured 1o
communicate with the electromagnetic field sensor 110.

{00761 In non-limiting embodiments, the platform 160 may be moved automatically
by a controlier 101 while the item is being heated based on the healing gap. For
example, the platform 160 may be rotated clockwise or counter-clockwise based on
the offset angle of the platform 160. The temperature gradient P; at each offset angle
of the platform 160 may be maintained in a dictionary {8: Py}. The dictionary may be
updated based on the EM field and temperature measurements. The veclor P, =
{pi. rl, ... et May be queried using the pixel coordinates. The cosine similarity Sime
between the temperature gradient Py and the heating gap G is calculated by Simg =

[
Flaem"
|PiiG

Onece the cosine similarity is computed, the platform 160 may be rotated to 8,

which is the most well-aligned temperature gradient. This most well-aligned
temperature gradient represents a decrease in the difference in the heating gap
between the estimated future temperature and the desired temperature.

{00777  As the platform 160 is rotating, the cosine similarity may be continually
calculated. Therefore, a new most well-aligned temperature gradient may be
determined before the platform 160 reaches the originally calculated 8. Any newly
calculated 8 will gverride a previously calculated 8. Therefore, the platform 160 may
not reach the originally calculated 8 before being redirected to a new 8, such that
8" = arg n‘i;;?nXSi?'ng. The speed of movement of the platform 160 may depend on the

calculated 8. A calculated 8 that requires a larger movement may result in a faster
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movement of the platform 160. A small movement of the platform 160 may resultin a
slow movement of the platform 160.
[0078] The use of such an approximation algorithm allows the 8 io be calculated
in real-time and avoids long computational processing times. This is advantageous to
an approach that predicts the entire heating pattern, such as can be calculated based
on modeling the desired heating pattern using a stochastic knapsack problem for
resource allocation, because such an approach is comparatively resource infensive
and would create intrinsic uncertainty.
{00781  In non-limiting embodiments, conirol of the EM field strength may include a
combination of actuations {e.q., rotation and/or movement of a turntable) and control
of the electromagnstic {(EM) wave generator 170. The actuations and control of the
EM wave generator 170 may be directed by a controlier 101. Control of the EM field
strength may be oplimized by using a rotation plan 57 that controls the EM field
strength based on the desired heat trajectory P, which contains the collection of
desired temperatures pif for the pixels across the space and fime. The rotation plan &
as a sequence of angle-duration and electromagnetic (EM) wave generator on-off-
duration tuples may be defined as:
$ = {{911 dgq 1,162 dg2 ), {05 d53}; }
{o11doi ) {001 dgy} {030 dysh
D =) {dos, don,dos, -} = ) {doy,don, dos, -}
where {8, dy, } indicates that the turntable will stay at the absolute offset angle 8« for
a duration of de, {0 d,,}describes the duration do for keeping the EM wave
generator on or off {ox). Based on these definitions, the optimized rotation plan is
defined as:

§* = argrrgnzdlﬁﬁ(é') _py?

wherg P(S) denotes the temperature trajectory for the m pixels using a rotation plan 8
over time. In non-limiting embodiments, the opiimized plan may be based on
movements other than rotations (e.g. movement of the item 150 in a 30 Cartesian
coordinate system). The use of oplimized plans allows for increased efficiently in the
system that can resull in faster heating times than iraditional systems. The
optimization plans may also be able io focus on ensuring the most energy efficient

plan for heating the item 150.
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{00801 In non-limiting embodiments, control of the EM field strength may be based
on the humidity of the itern 150. The humidity of the item may be determined based
on the measured temperature and EM field measurements, including EM leakage from
the microwave chamber 102. The humidity may also be determined from a humidily
sensor in the microwave chamber 102 or item 150.

{0081] Based on experimental resuils, the use of a dynamically controlled turntable
and control of the EM wave generator 170 results in a more uniform heating of liquids,
such as mill, and items made of multiple materials, such as bacon including fai and
meatl. In experiments with 200 mi of milk with a non-limiting implementation, the use
of the optimized rotation plan resulted in the final observed temperature being between
67 °C and 74°C across the 9 measured points of the milk, resulling in no parts of the
milk being hot enough to scald when drank or cold enough to allow bacteria {0 be
preserved. In experimental data with bacon and a non-limiting implementation, the use
of an optimized rotation plan resulted in a temperature difference across the meat of
10°C and a temperature difference across the fat of 8°C. Compared to a typical
constant rotation of a turntable, the use of the oplimized rotation plan resulted in a
more even distribution of temperature and allowed the bacon to maintain a more even
shape after being cocked.

{00821 In non-limiting embodiments, the EM field strength may be controiled only
using a dynamically controlled turniable. The dynamically controlied turntable may be
controlled by a motor, such as a stepper motor. A coupler may be placed between the
motor head and the turntable plate to enable precise conirol of the direction and speed
of rotation of the plate. The speed of rotation may be a constant speed, or may be
altered during operations. The rotating speed of the turntable may be limited to 12
RPM. In nor-limiting embodiments, the movement of the turntable may begin only after
an initial distribution of the EM fields is collected by the system.

{00831 In some non-limiling embodiments, the EM field sirength may be coniroiled
by adjusting the size (e.qg., volume and/or shape) of the microwave chamber 102. The
size of the microwave chamber may be increased or decreased by adjusting the
location of a wall {e.qg., a sidewall}, the ceiling, and/or the floor of microwave chamber
102. As an example, the walls, ceiling, or floor may be installed on a rail system and
moved along the rall to adjust their location. Various other mechanisms may be
utilized to change the size of the microwave chamber.
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[0084] In some non-limiting embodiments, the EM field strength may be controiled
by moving the Hem 150 within the microwave chamber 102. The item 150 may be
moved by a rotating mechanism, gripping mechanism, pushing mechanism, and/or the
like to move the item to a different location within the microwave chamber 102, or to
change the orientation of the item 150. The item 150 may alsc be compressed or
spread out within the microwave chamber 102,

{00857 Innon-limiting embodiments, the EM field strength may be controlled by the
use of waveguides. Waveguides may include microwave shieids and/or microwave
susceptors. Microwave shields may be placed within the microwave chamber 102 to
direct the microwaves away from their location. The microwave shields may be located
on the item 150, below the item 150, around the item 150, or even between the
microwave chamber and the EM wave generator 170. The microwave shields may be
fixed to the platform 160 and/or may be fixed to a surface of the microwave chamber
102. The microwave shields may be stalic or, in other examples, the microwave
shields may be movable during operation of the microwave 100. Moving the
microwave shields during the operation of the microwave 100 may protect certain
areas of the item 150 from being overheated. In non-limiting embodiments, the
microwave shields may be arranged behind a barrier installed within the microwave
chamber 102 {e.9., a glass plane). The barrier may be installed vertically, horizontally,
or at an angle within the microwave chamber 102. The microwave shields may be
fixed to the surface of the barrier or placed freely behind the barrier. Microwave
suscepiors may be arranged on or under the llem 150 o absorb microwave energy
and trigger high-heat reactions.

{0888]  In non-limiting embodiments, waveguides may be used when the maximum
peak-to-peak temperature difference among the pixels of the item 150 exceeds what
is achievable by using a dynamically conirolied furmntable or other methods.
Waveguides may be used in some examples when the desired maximum peak-io-
peak temperature difference exceeds 21°C. Based on experimental data, the use of
waveguides can result in a maximum peak-to-peak temperature difference of 183°C,
with a temperature gradient of 61C/cm (compared to 3°C/em without the use of
waveguides).

{00871 In non-limiting emboediments, the desired temperature may follow a recipe
input received from a user or other device. The recipe may incorporate a non-uniform

heating paitern (e.Q., an arbitrary healing paitern or a predetermined variable heating
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pattern) that includes predetermined desired femperatures at each time step for each
pixel of the item 150. For example, the recipe may be input by pressing pre-set butions
and/or interacting with a user interface. The non-uniform heating pattern may include
different desired temperatures for different pixels. The heating patiern may also
include different temperatures for the same pixel at different times. Certain
temperatures may be desired for only certain periods of time during the heating
process for particular pixels. The heating paltern may be developed through
computational modeling based on the ingredienis and on cooking principles.

[0088] In non-limiting embodiments, the desired temperature may be based on a
uniform heating of the item 150. The uniform healing may be based on a set time for
heating, a set final temperature, or a combination of a set time and final temperature.
As the item is being healed, each pixel has the same desired temperature af each time
point and the desired temperatures progress at a uniform pace across all pixels of the
item 150. Based on experimental data, the use of a dynamically controlled turntable
can heat a plate of rice from 20°C to 60°C in two minutes with a temperature difference
between the maximum and minimum temperatures of the pixels over the rice of 6.5°C
and a standard deviation of temperaiure across the rice of 1.5°C. In comparison, using
a typical turntable that rolates in a constant direction at a constant speed, the
temperature difference 24.8°C and the standard deviation was 8.5°C. When no
rotation was used, the temperature difference was 29.5°C and the standard deviation
was 9.2°C.

[0089] Referring now to FIG. 4, a method for heating an item in a microwave is
shown according to a non-limiting embodiment. It will be appreciaied that the order of
the steps shown in FIG. 4 is for illustrative purposes only and that non-limiting
embodiments may involve more steps, fewer steps, different steps, and/or a different
order of steps. The method slarts at step 400 in which an ilem is placed within the
chamber of a microwave. The item may be a single piece, or may be multiple pieces.
The item may be made of a single material or may be a composite of mulliple
materials.

{00901 At step 402, the microwave is started, and the microwave begins exposing
the contenis of the microwave chamber 0 an electromagnetic field. The microwave
may be started using a predetermined desired heating pattern of the item. The
predetermined desired heating pattern may include a desired temperature of each
region (e.g., one or more pixels) of the item al each time siep of the heating of the
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item. In non-limiting embodiments, the initial electromagnetic field may be dependent
on the type of item placed within the microwave chamber. A user may be able to input
the type of item placed within the microwave chamber. The type of item may be input
by the user through pre-set bulfons or a user interface on the microwave or external
device (e.g., such as a mobile computer). In non-limiting embodiments, the initial
slectromagnetic field may be based on a preset power level. The microwave oven may
be set to run for a predetermined period of time or until a predetermined temperature
of the surface of the item is reached. The microwave may be set to run uniil a
predetermined temperature is maintained for a predetermined period of time.

[0091] Al step 404, an electromagnetic field map is generated. Al least one
electromagnelic sensor located within the microwave chamber measures the
electromagnetic field strength at the location of the sensor. Based on the location of
the electromagnetic sensor and the strength of the electromagnetic field at that
location, the electromagnetic field strength at other locations within the microwave
chamber are estimaied. If more than one eleciromagnetic sensor is used, the
electromagnetic field strength can be estimated using an interpolation based on the
measured electromagnetic field sirengths. In non-limiting embodiments, a cubic spline
interpolation may be used to approximate the electromagnstic field strength at other
poinis within the microwave chamber. The electromagnetic field map may be 2D or
30.

[0082] Al step 406, a spatial heal map is generated. Al least one thermal sensor
measures a plurality of thermal measurements of the surface of the item in the
microwave chamber. Each thermal measurement is correlaled o a region, or pixel, of
the item surface.

[0093] Al step 408, a real-time heating gap is computed for each pixel of the item
surface. The real-time healing gap is calculaied as the difference between the current
temperature of each pixel of the item surface and the desired temperature of the ilem
surface at that time step.

{0084] At step 410, an estimated change in the electromagnetic fisld strength
required {o reduce the heating gap is determined. The eslimated change is determined
based on the estimaled future temperafure at the pixel locafions based on the current
electromagnetic field strength. The estimated change may be determined by
computing a cosine similarity between the temperature gradient at the target angles
and the current healing gap.
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{00657 At siep 412, the electromagnelic field is adjusied based on the estimated
change. The electromagnetic field at the pixel location may be adjusted by rotating the
itern on g turntable and/or by turning the electromagnetic wave source on or off. The
amount of rofation and the on-off-duration may be determined based on the
temperature Irajectory for the pixels. The heating gap may compared o the
temperature gradient for each possible rotation angle of a turntable. The turntable then
begins 1o rotate to the rotation angle that best reduces the heating gap.

[0008] Steps 404 — 412 may be continually repeated as the microwave operates.
Step 404 can be started, for example, every 0.1 seconds. The adjustment of the
electromagnetic field does not have to be compleled before a new adjustment is
determined. Newly determined adjustments may override previously determined
adjusiments.

{00877 Referring now to FIG. 5, shown is a diagram of example components of a
computing device 900 for implementing and performing the systems and methods
described herein according o non-limiting embodiments.  In some non-limiting
embodiments, device 900 may include additional components, fewer components,
different components, or differently arranged components than those shown in FIG. 5.
Device 800 may include a bus 902, a processor 904, memory 906, a storage
component 908, an input component 910, an ouipui component 912, and a
communication interface 914. The bus 902 may include a component that permits
communication amoeong the componenis of the device 900. In some non-limiting
embodiments, the processor 904 may be implemented in hardware, firmware, or a
combination of hardware and software. For example, the processor 804 may include
a processor (e.¢., a central processing unit (CPU), a graphics processing unit (GPU),

an accelerated processing unit {APU)}, etc)), a microprocessor, a digital signal

processor (DSP), and/or any processing component (8.g., a field-programmable gate
array (FPGA), an application-specific integraled circuit {ASIC), etc.) that can be
programmed to perform a function. Memory 906 may include random access memory
(RAM), read only memory (ROM), and/or another type of dynamic or static storage
device (e.g., flash memory, magnetic memory, oplical memory, eic.) that stores
information and/or instructions for use by the processor 804.

[0098] With continued reference to FIG. §, the storage component 808 may store
information and/or software related to the operation and use of the device 900. For

example, the storage component 908 may include a hard disk (e.g., a magnetic disk,
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an optical disk, a magneto-optic disk, a solid state disk, eic.) and/or another type of
computer-readable medium. The input componeant $10 may include a component that
permits the device 800 to receive information, such as via user input (e.g., a touch
screen display, a keyboard, a Keypad, a mouse, a buiton, a switch, a microphone,
efc.). Additionally, or alternatively, the input component 910 may include a sensor for
sensing information (e.q., a photo-sensor, a thermal sensor, an slectromagnetic field
sensor, a global positioning system (GPS) component, an acceleromster, a
gyroscope, an actuator, eic.). The oulput component 912 may include a component
that provides oulput information from the device 800 (e.g., a display, a speaker, one
or more light-emitting diodes (LEDs), elc.). The communication interface 914 may
include a transceiver-like component (e.g., a transceiver, a separate receiver and
transmitter, etc.) that enables device 900 {o communicate with other devices, such as
via a wired connection, a wireless connection, or a combination of wired and wireless
connections. The communication interface 814 may permit the device 900 o receive
information from another device and/or provide information lo another device. For
example, the communication inferface 814 may include an Ethernet interface, an
oplical interface, a coaxial interface, an infrared interface, a radio frequency (RF)
interface, a universal serial bus (USB) interface, a Wi-Fi® interface, a celiular network
interface, and/or the like.

{00891 The device 900 may perform one or more processes descrived herein.
Device 900 may perform these processes based on the processor 904 execuling
software instructions stored by a compuier-readable medium, such as the memory
906 and/or the storage component 208. A compuier-readable medium may include
any non-fransitory memory device. A memory device includes memory space located
inside of a single physical storage device or memory space spread across multiple
physical storage devices. Software instructions may be read into memory 906 and/or
storage component 908 from another computer-readable medium or from another
device via the communication interface 914. When executed, software instructions
stored in the memory 908 and/or the storage component 908 may cause processor
904 to perform one or more processes described herein. Additionally, or alternatively,
hardwired circuitry may be used in place of or in combination with sofiware instructions
to perform one or more processes described herein. Thus, embodiments described
herein are not limited 1o any specific combination of hardware circuitry and software.

The term “programmed or configured,” as used herein, refers to an arrangement of
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software, hardware circuitry, or any combination thereof on one or more devices.

[00100] Although embodiments have been described in detail for the purpose of
ilustration, it is to be understood that such detail is solely for that purpose and that the
disclosure is not limited to the disclosed embodiments, but, on the conirary, is iniended
to cover modifications and equivalent arrangements that are within the spirit and scope
of the appended claims. For example, it is to be understood that the present disclosure
contemplates thal, to the exient possible, one or more features of any embodiment

can be combined with one or more Teaiures of any other embodiment.
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THE INVENTION CLAIMS 15!

1. A method for heating an item in a microwave oven comprising:

capturing, with at least one electromagnetic field sensor, at leasi one
glectromagnetic field measurement of a microwave chamber, each electromagnetic
field measurement of the al least one electromagnetic field measurement
corresponding 1o a region in the microwave chamber;

generaling an electromagnetic field map of the microwave chamber
based on the at least one electromagnetic field measurement;

capturing, with at least one sensor, a plurality of thermal measurements
of the item being heated in the microwave chamber, each thermal measurement of the
plurality of thermal measuremenis corresponding 1o a region on the item; and

controlling at least one of a position of the item and the electromagnetic
field while the itlem is being heated in the microwave chamber based on the
electromagnetic field map and the plurality of thermal measurements.

2. The method of claim 1, further comprising arranging at least one

ricrowave susceptor on the item.

3. The method of claim 1, wherein conirolling the electromagnetic field

comprises arranging at least one microwave shield in the microwave chamber.

4. The method of claim 1, wherein generating the electromagnetic field
map comprises:

applying an electromagnetic field to at least one neon light located within
the microwave chamber;

sensing, with at least one photo-sensor, a light emission by the at least
one neon light; and

estimating the electromagnetic field based on a location of the at least
one neon light and at least one of a flashing frequency and a brighiness of the al least
one neon light.
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5. The meihod of claim 4, wherein the at least one photo-sensor is
located cutside of the microwave chamber and the light emission by the at least one
neon light is transferred outside of the microwave chamber through a fiber oplic cable.

6. The method of claim 1, wherein controlling at least one of a position
of the item and the electromagnetic field further comprises:

comparing the plurality of thermal measurements 10 a desired heating
paltern;

determining a difference between the plurality of thermal measurements
and the desired heating pattern;

determining an estimated change in an electromagnetic field strength
required o reduce the difference based on the electromagnetic field and a calculated
future temperature; and

adjusting the electromagnetic field based on the estimated change.

7. The method of claim 6, further comprising continuously comparing the
plurality of thermal measurements o the desired heating pattern.

8. The method of claim 6, wherein the desired heating pattern is a

uniform temperature for each of the plurality of thermal measurements.

8. The method of claim 6, wherein the desired healing pattern is
predetermined based on a type of item placed within the microwave chamber,

10. The method of claim 1, wherein the item is arranged on a turntable
within the microwave chamber, and wherein controliing the position of the ilem
comprises altering at least one of the rate of rofation and the direction of rotation of
the turntable.

11. A sysiem for heating an item in a microwave oven, the system
comprising:
al least one electromagnetic field sensor configured to caplure at least

one electromagnetic field measurement of a microwave chamber, each
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electromagnetic field measurement of the at least one electromagnetic field
measurement corresponding to a region in the microwave chamber;

generating, with at least one processor, an slectromagnetic field map of
the microwave chamber based on the at least one eleciromagnetic field measurement;

at least one sensor configured to caplure a plurality of thermal
measurements of the item being heated in the microwave chamber, each thermal
measurement of the plurality of thermal measurements corresponding to a region on
the item; and

controlling, with at least one processor, at least one of a position of the
itern and the electromagnetic field while the item is being heated in the microwave
chamber based on the electromagnetic field map and the plurality of thermal

measurements.

12. The system of claim 11, further comprising arranging at least one

microwave susceptor on the itlem.

13. The system of claim 11, whersin controlling the electromagnetic field

comprises arranging at least one microwave shield in the microwave chamber.

14. The system of claim 11, wherein generating the slectromagnstic fisld
map comprises:

applying an electromagnetic field to at least one neon light located within
the microwave chamber;

sensing, with at least one photo-asensor, a light emission by the at least
one neon light; and

estimating, with at least one processor, the eleciromagnetic field based
on a location of the at least one neon light and at least one of a flashing frequency and
a brightness of the at least one neon light.

15. The system of claim 14, wherein the at least one photo-sensor is

located outside of the microwave chamber and the light emission by the al least one
neon light is transferred outside of the microwave chamber through a fiber optic cable.
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16. The system of claim 11, wherein controlling at least one of a position
of the itemn and the electromagnetic field further comprises:

comparing, with at least one processor, the plurality of thermal
measurements to a desired heating pattern;

determining, with at least one processor, a difference betwesen the
plurality of thermal measurements and the desired healing pattern;

determining, with al least one processor, an estimated change in an
electromagnetic field sirengih required to reduce the difference based on the
electromagnetic field and a calculated future temperature; and

adjusting, with at least one processor, the electromagnetic field based
on the estimated change.

17. The system of claim 18, further comprising continucusly comparing
the plurality of thermal measurements {o the desired heating pattern.

18. The system of claim 18, wherein the desired heating pattern is a

uniform temperature for each of the plurality of thermal measurements.

19. The system of claim 16, wherein the desired heating paitern is
predetermined based on a type of item placed within the microwave chamber.

20. The system of claim 11, wherein the item is arranged on a turntable
within the microwave chamber, and wherein conirolling the position of the item
comprises altering at least one of the rate of rotation and the direction of rotation of
the turntable.

21. The system of claim 16, wherein the desired heating pattern
comprises a plurality of temperatures corresponding to a plurality of points on a surface
of the item, wherein the plurality of temperatures comprises at least two different

temperatures.

22. The system of claim 11, wherein generating the electromagnetic field

map comprises:
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applying an electromagnetic field to at least one dipole antenna located
within the microwave chamber,;

converting, with at least one rectifier, an electric current emitied by the
at least one dipole antenna to a direct current; and

estimating the electromagnetic field based on a location of the at least
one dipole antenna and the direct current of the at least one dipole antenna.

23. The sysiem of claim 11, wherein the item is arranged on a 8DoF
platform within the microwave chamber, and wherein controliing the position of the
itern comprises altering at least one of the following: a longitudinal location, a latitudinal
location, an elevalion, a pitch angle, a yaw angle, a roll angle, or any combination

thereof.
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