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METHOD AND APPARATUS FOR DETERMINING HEATING STRATEGIES

BACKGROUND OF THE INVENTION

[0001] Current microwave cooking appliances use powerful tubes with nominal operating

frequencies to heat up food. This current method of cooking utilizes a powerful source with

no control over the emission of the microwaves. Utilizing solid state sources and specifying

emissions would begin to allow for a more controlled cooking appliance. Initial solid state

sourced microwave cooking appliance designs include determining a model of the cavity of

the microwave, but do not allow for specified cooking strategies regarding the food within the

cavity. There is a need to specify the emissions using solid state sources to allow for even

heating for a specific food item and as a result a more efficient appliance.

SUMMARY OF THE INVENTION

[0002] A method of determining heating setting heating strategies for a solid state

microwave cooking appliance having a cavity in which a food item is to be heated, and a

controllable source of microwave emissions includes obtaining an appliance data set

representing geometry dimensions, power values, and frequency values of the solid state

microwave cooking appliance, selecting one or more food items, each selected food item

having a permittivity value and an initial temperature, determining a target outcome for

heating the selected food item(s), estimating a heating strategy for the target outcome based

on the data set, including operating the controllable source of microwave emissions, applying

the estimated heating strategy to the selected food item(s), obtaining a food geometry of the

cooking appliance while applying the estimated heating strategy, determining an actual

outcome based on the food geometry, permittivity value, and initial temperature, and

comparing the actual outcome to the target outcome. If the actual outcome is not within a

threshold of the target outcome, then the method repeats the estimating, applying, obtaining,

and comparing steps until the actual outcome is within a threshold of the target outcome. If

the actual outcome is within a threshold of the target outcome, then the method outputs a food

data set representative of the estimated heating strategy to a memory for the solid state

microwave cooking appliance.



BRIEF DESCRIPTION OF THE DRAWINGS

[0003] In the drawings:

[0004] Figure 1 is a schematic view of cooking appliance according to an embodiment of

the invention.

[0005] Figure 2 is a schematic view of an energy field for the cooking appliance of Figure

1 .

[0006] Figure 3 is depicts an energy field for a cooking function in the cooking appliance

of Figure 1 .

[0007] Figure 4 depicts a method for determining heating strategies for the cooking

appliance of Figure 1 .

DETAILED DESCRIPTION

[0008] Figure 1 illustrates a solid state microwave cooking appliance 10, of the type

typically applicable for the invention, comprising a cavity 12 into which a food item 14 can

be placed for heating. The cooking appliance 10 includes a controllable source 16 of

microwaves disposed to provide microwaves to the cavity 12. The controllable source 16 of

microwaves is preferably powered by a power source 20 with an input range of less than 1 W

to 250 W, and includes at least one microwave generator 22, preferably solid state, capable of

generating an energy field (e.g. see Figure 2), with an operating frequency ranging from

2.401 GHz to 2.48GHz. In one embodiment, the microwave generator 22 is connected to an

antenna 18 in a waveguide channel 24 that conveys microwaves to the cavity 12 via an

opening or feeding port in a wall of the cavity. In an exemplary embodiment, the cooking

appliance 10 can have two or more microwave generators 22. The controllable source 16 is

also coupled to an operating control system 2 1 programmed to control the power output of the

power source 20, and the frequency of the microwave generator 22, and, in the case of two or

more microwave generators 22, the phase of the generators to alter the interference pattern of

the electromagnetic waves in the cavity. The operating control system 2 1 also includes a

memory 23 capable of storing a data set representative of a plurality of heating strategies.

[0009] In order to apply specific heating strategies in a controlled and reliable way,

modeling the heating strategies in a simulation comprising an electromagnetic simulator, for



example HFSS (high frequency structural simulator), VORPAL, or XFdtd (window system

finite difference time domain), or any other simulator known in the art, is carried out in a

process of setting heating strategies for the cooking appliance 10.

[0010] The process commences when the operating control system 2 1 obtains an

appliance data set representing geometry dimensions, power values, and frequency values

available for the cooking appliance 10. The power values and frequencies are dependent

upon the microwave generator(s) 22 in the cooking appliance 10, while the geometry

dimensions are obtained using a known grid method for obtaining the geometry of the cavity

12, for example a finite element method (FEM) or a finite-differences time-domain (FDTD).

A model of the cavity 12 of the cooking appliance 10 including any accessories inside the

cavity 12 is then stored as the geometry dimensions of the cavity 12.

[0011] At least one of a plurality of food items 14 is selected and placed within the cavity

12 and an initial food geometry is then obtained using the same grid method as used in

obtaining the geometry of the cavity 12 and along with the data set is stored in a lookup table.

The food geometry is the geometry of the cavity obtained above with the food item 14 placed

within it. It will be understood that the food geometry will change as the food item 14 is

heated. For example the food item 14 will expand, shrink, or move, thereby changing the

food geometry. Along with having an associated initial food geometry, each of the at least

one of a plurality of food items 14 has an initial permittivity value and an initial temperature.

These values may be stored in and taken from the lookup table depending on the food item 14

selected and, together, comprise initial food parameters.

[0012] A heating strategy for cooking the food item 14 is estimated based on the data set,

initial food parameters and a target outcome. A target outcome may be for example, a re

heat, defrost, or popcorn function. The data set, initial food parameters and the chosen target

outcome together enable the estimation of a specific heating strategy specific to the food item

14 which is then simulated with the electromagnetic simulator. The heating strategy includes

operating the controllable source 16 of microwave emissions to create multiple heating

patterns, for which various possible excitation conditions, e.g., frequencies, sources,

amplitudes and phase shifts are tested and stored as single heating patterns. The heating

strategy can be made up of a single heating pattern or a collection of heating patterns applied

in sequence to obtain the target outcome.



[0013] The heating strategy is then applied during which the simulation provides the

operating control system 1 with a location of the food item 14 and any modifications to the

food geometry that may occur during the heating strategy. These modifications are recorded

as iterations of the food geometry and used to provide feedback to the simulation in order to

determine an actual outcome within a threshold of the target outcome. The actual outcome is

determined based on the food geometry, permittivity value, and temperature of the food item

14 at the end of the simulation and then compared to the target outcome. In the event that the

actual outcome is not within a threshold of the target outcome, the method repeats the

estimating, applying, obtaining, and comparing steps until the actual outcome is within a

threshold of the target outcome.

[0014] If the actual outcome is within the threshold of the target outcome, a food data set

representative of the estimated heating strategy is output to the memory 23 for the cooking

appliance 10 as a heating strategy specific to the aforementioned food item 14. The output

data stored in the memory 23 is made up of a sequence of frequencies, amplitudes and phase

shifts for each specific heating strategy which is recorded in the lookup table. The simulation

is repeated a number of times for a plurality of food items 14 to create the lookup table

capable of recalling a specific sequence for each heating strategy so that in the case that a user

inputs, for example, 0.5kg frozen chicken with a target outcome of de-frost, a heating strategy

is pulled up and applied for that specific type of food.

[0015] A specific heating strategy comprises at least one heating pattern which is a

function of the squared energy field and loss figure as shown below where uEs is the total

energy per unit volume stored by the electromagnetic field, ε is the permittivity value, or the

resistance encountered when forming the energy field within the cavity 12, and E is the

electric field.

[0016] More specifically the loss figure can be expressed as the imaginary part, ε", of the

permittivity, ε, for complex permittivity represented by:

,- Λ _ . (cos 5 i s ) .



[0017] The loss figure can also be expressed as a loss tangent defined as the ratio or

angle, δ, in a complex plane of the resistive reaction to the electric field E as represented by:

+ σ
a d — —

ε
Where σ is the free charge conduction, ε ' is the real part and ε" is the imaginary part of the

complex permittivity, and ω is the angular frequency of the electric field. Other forms known

in the art for determining the loss figure can also be applied.

[0018] The sequence of actuations might be obtained also without a simulation-based

design approach (i.e. via direct trial and error testing and/or other optimization techniques

known in the art). A plurality of sensors can be disposed within the cooking appliance 10 to

monitor changes of the applied energy field when the cooking appliance 10 is in operation.

When a heating sequence is applied, characteristics of the one of a plurality of food items 14

will change causing the initial food parameters to change. The operating control system 1

can be configured to compare the estimated heating strategy to the monitored changes of the

applied energy field using a correlation operator make modifications accordingly. Therefore

despite the initial food parameter changes, the cooking appliance 10 includes predictable

repeatability and can carry out automatic changes to heating sequences based on direct

feedback during the cooking cycle.

[0019] Figure 2 illustrates an exemplary embodiment in which a heating strategy for a

specific food item 14 with the defrost function is simulated. This specific heating strategy

includes a heating sequence in which a first heating pattern comprises the energy field 25

aiming at focusing energy at the center 26 of the food item 14. The power output, frequency

and phase shift are controlled in such a manner that the energy field 25 is more pronounced in

the center 26 of the food.

[0020] Then as can be seen in Figure 3, according to the heating sequence a second

heating pattern 28 includes areas 30 radiating out from the center 26 are subsequently heated

in a manner as to bring the entire food item 14 to a desired temperature. Further heating

patterns can be implemented as necessary to evenly defrost the food item 14. In the event the

simulation outputs a data set within the threshold of the target outcome, the actual outcome

becomes a set of heating patterns specific to this heating strategy associated with the defrost

function for the specific food item 14.



[0021] Other embodiments include the re-heat function with one evenly distributed

heating pattern in which the entire food is brought to a desired temperature at the same time.

While the popcorn function can include a randomized heating sequence with multiple heating

patterns each of which include concentrated energy portions.

[0022] The operating control system 1 stores multiple frequency, amplitude, and phase

shifts rather than storing the heating patterns themselves. This is more cost effective and

allows for multiple combinations of parameters to achieve specific heating patterns.

[0023] A method 200 illustrating the process described above in which heating strategies

are determined for the cooking appliance 10 is depicted in Figure 4 . First obtain 202 the

appliance data set representing geometry dimensions, power values, and frequency values of

the cooking appliance 10. Then select 204 one of a plurality of food items 14 and obtain 206

an initial food geometry. Next determine 208 the target outcome for heating the selected food

item 14 and estimate 210 a heating strategy for the target outcome based on the data set.

Apply 212 the estimated heating strategy to the selected food item 14 and obtain a food

geometry of the cooking appliance 10 while applying the estimated heating strategy. Finally

determine 214 an actual outcome based on the food geometry, permittivity value, and final

temperature of the food item 14. After the determination, compare 216 the actual outcome to

the target outcome and if the actual outcome is not within a threshold of the target outcome,

repeat 220 the estimating, applying, obtaining and comparing steps until the actual outcome is

within the threshold of the target outcome. If the actual outcome is within a threshold of the

target outcome, output a food data set representative of the estimated heating strategy to the

memory 23 for the cooking appliance 10.

[0024] The term energy field, as used herein, includes any or all portions of the

electromagnetic spectrum, including but not limited to, radio frequency (RF), infrared (TR),

near infrared, visible light, ultraviolet, etc. In some cases, applied electromagnetic energy

may include RF energy with a wavelength of 100 km to 1 mm, which is a frequency of 3 KHz

to 300 GHz, respectively. In some cases, RF energy within a narrower frequency range, e.g.,

1 MHz-100 GHz, may be applied. Microwave and ultrahigh frequency (UHF) energy, for

example, are both within the RF range. Even though examples of the invention are described

herein in connection with the application of RF energy, these descriptions are provided to

illustrate a few exemplary principles of the invention, and are not intended to limit the



invention to any particular portion of the electromagnetic spectrum. However, the methods

and apparatus described may be particularly useful for dealing with objects that are smaller

than a wavelength of the applied electromagnetic energy. Furthermore, the described

methods and apparatus may be particular useful when the energy application zone comprises

a modal cavity, as defined herein.

[0025] While the invention has been specifically described in connection with certain

specific embodiments thereof, it is to be understood that this is by way of illustration and not

of limitation, and the scope of the appended claims should be construed as broadly as the

prior art will permit.



CLAIMS

What is claimed is:

1. A method of setting heating strategies for a solid state microwave cooking

appliance [10] having a cavity [12] in which a food item [14] is to be heated, and a

controllable source [16] of microwave emissions, the method comprising:

obtaining an appliance data set representing geometry dimensions, power

values, and frequency values of the solid state microwave cooking appliance [10];

selecting one of a plurality of food items [14], each selected food item [14]

having a permittivity value and an initial temperature;

obtaining an initial food geometry;

determining a target outcome for heating the selected food item [14];

estimating a heating strategy for the target outcome based on the data set,

including operating the controllable source [16] of microwave emissions;

applying the estimated heating strategy to the selected food item [14];

obtaining a food geometry of the cooking appliance [10] while applying the

estimated heating strategy;

determining an actual outcome based on the food geometry, permittivity value,

and final temperature;

comparing the actual outcome to the target outcome;

if the actual outcome is not within a threshold of the target outcome, repeating

the estimating, applying, obtaining, and comparing steps until the actual outcome is within a

threshold of the target outcome; and

if the actual outcome is within a threshold of the target outcome, outputting a

food data set representative of the estimated heating strategy to a memory [23] for the solid

state microwave cooking appliance [10].

2 . The method of claim 1 wherein the estimating, applying, obtaining, and

comparing steps are conducted in a simulation of the solid state microwave cooking appliance

[10].



3 . The method of claim 2 wherein the simulation includes one of a finite element

method (FEM) or finite-differences time-domain (FDTD).

4 . The method of claim 1 wherein operating the controllable source [16] of

microwave emissions includes a sequence of at least one of frequencies, amplitudes or phase

shifts.

5 . The method of claim 1 where the estimated heating strategy comprises a

heating sequence including a plurality of heating patterns [28].

6 . The method of claim 1 wherein the target outcome is one of a re-heat function,

a defrost function, or a popcorn function.

7 . The method of claim 1 further including repeating the method for a plurality of

food items [14].

8 . A solid state microwave cooking appliance [10] comprising:

a cavity [12] in which a food item [14] is to be heated;

a controllable source [16] of microwave emissions to the cavity [12]; and

a memory [23] having a data set representative of a plurality of heating

strategies, one of which is specific to the food item [14];

wherein the specific heating strategy includes a sequence of at least one of

frequencies, amplitudes or phase shifts of the controllable source [16] of microwave

emissions obtained by modeling operation of the solid state microwave cooking appliance

[10] in heating the food item [14] based on a food geometry of the solid state microwave

cooking appliance [10].

9 . The solid state microwave cooking appliance [10] of claim 8 wherein the

modeling includes one of a finite element method (FEM) or finite-differences time-domain

(FDTD).

10. The solid state microwave cooking appliance [10] of claim 8 wherein

frequencies range from 2.401 GHz to 2.48GHz.



11 . The solid state microwave cooking appliance [10] of claim 8 wherein the

controllable source [16] of microwave emissions comprises at least two solid state microwave

generators [22].

12. The solid state microwave cooking appliance [10] of claim 8 wherein the data

set representative of a plurality of heating strategies is stored in a look up table in the memory

[23].

13. The solid state microwave cooking appliance [10] of claim 8 further

comprising a plurality of sensors connected to a controller configured to operate the specific

heating strategy based on feedback from the sensors.

14. The solid state microwave cooking appliance [10] of claim 13 wherein the

feedback includes data representing an energy field [22] in the cavity [12] when the specific

heating strategy is operated.

15. The solid state microwave cooking appliance [10] of claim 8 wherein the

plurality of heating strategies includes at least one of a re-heat function, a defrost function, or

a popcorn function.
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