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RFID—CONTROLLED SMART RANGE AND
METHOD OF COOKING AND HEATING

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

The present application claims priority benefit of and

hereby incorporates by reference a provisional application
titled “RFID-CONTROLLED SMART INDUCTION

RANGE”, Ser. No. 60/444,327/, filed Jan. 30, 2003. Reference
is also made to divisional reissue application Ser. No. 11/774,

696, filed Jul. 9, 2007 .

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates broadly to cooking devices
and apparatuses, particularly magnetic induction ranges.
More particularly, the present invention relates to a magnetic
induction range providing multiple cooking modes and an
ability to automatically heat cooking vessels and other
objects using RFID technology and temperature sensing, and
an ability to read and write recipe or heating instructions
using the RFID technology and to interactively assist 1n their
execution.

2. Description of the Prior Art

It 1s often desirable to automatically monitor and control
the temperature of food 1n a cooking or heating vessel using,

non-contact temperature-sensing means. Early attempts to do
so 1nclude, for example, U.S. Pat. No. 5,951,900 to Smrke,

U.S. Pat. No. 4,587,406 to Andre, and U.S. Pat. No. 3,742,178
to Harnden, Jr. These patents disclose non-contact tempera-
ture regulation devices and methods employing magnetic
induction heating, including using radio frequency transmis-
s1ons to communicate temperature information between the
object to be heated and the induction heating appliance, 1n an
attempt to control the induction heating process. More spe-
cifically, in Smrke, Andre, and Harnden a temperature sensor
1s attached to the object to be heated to provide feedback
information which 1s transmitted 1n a non-contact manner to
the induction appliance. In each case, aside from manual
inputs by a user, changes to the induction appliance’s power
output are automatic and based solely upon information gath-
ered and transmitted by the temperature sensor.

No known employment of the aforementioned prior art
technology has resulted. However, other attempts to monitor
and control the temperature of a vessel during cooking or
holding using non-contact methods employing magnetic
induction heaters and other electric hobs have been employed
in the marketplace. Bosch, a major appliance manufacturer,
has, for example, recently introduced ranges and cooking
vessels that, together, provide a system using temperature
teedback, based on temperature information gathered from
the external surface of the vessel, to allow for automatically
varying power output to the vessel and thereby control its
temperature. As described in a paper titled “Infrared Sensor to
Control Temperature of Pots on Consumer Hobs”, authored
by Uwe Has of Bosch-Siemens Hausgerate GmbH, Bosch’s
system employs an inifrared sensor that 1s an integral part of
the cooking hob. The infrared sensor 1s mounted on a cylin-
drical casing that 1s designed to direct the infrared sensing
beam onto a specific portion of the cooking vessel at a height
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ol approximately thirty millimeters above the bottom of the
vessel. The temperature information gathered from the infra-
red sensor beam 1s used to alter the power output of the hob.
Unfortunately, Bosch’s infrared system suffers from a num-
ber of limitations, including, for example, an undesirably
extreme sensitivity to changes in the emissivity of the region
of the vessel on which the infrared sensor beam 1s directed. If
the vessel’s surface becomes soiled or coated with o1l or
grease, the emissivity changes and, as a result, the percerved
or sensed temperature 1s not the actual temperature.

A cooking system comprising an induction range, mar-
keted by Scholtes, and an accompanying infrared/radio fre-
quency sensing device called the “Cookeye”, marketed by
Tefal, moves beyond the functionality of the Bosch range
system. The Cookeye sensing unit rests upon the handle of the
cooking vessel and directs an infrared sensor beam downward
onto the food within the vessel to sense the temperature of the
food. The Cookeye unit converts the temperature information
into a radio frequency signal that i1s transmitted to a radio
frequency receirving unit within the induction range. This
radio frequency temperature information 1s used to alter the
power output of the hob to control the temperature of the
vessel. Furthermore, the system provides six preprogrammed
temperatures, with each temperature corresponding to a class
of foods, that the user can select by pressing a corresponding
button on a control panel. Once one of the preprogrammed
temperatures has been selected, the hob heats the vessel to
that temperature and maintains the vessel at that temperature
indefinitely. Unfortunately, the Scholtes/Tefal system also
suifers from a number of limitations, including, for example,
an excessive sensitivity to the emissivity of the food surfaces
within the pan. Furthermore, though the six preprogrammed
temperatures are an improvement over the Bosch product,
they are still too limiting. Many more selectable temperatures
are needed to most effectively or desirably cook or hold
different types food.

It 1s also often desirable that a cooking apparatus provide
features that allow for or facilitate substantially automatic
preparation ol culinary dishes. Attempts to design such a
cooking apparatus include, for example, U.S. Pat. No. 4,649,
810 to Wong. Wong discloses the broad concept of a micro-
computer-controlled, integrated cooking apparatus for auto-
matically preparing culinary dishes. In use, the constituent
ingredients of a particular dish are first loaded 1into a compart-
mentalized carousel which 1s mounted on the cooking appa-
ratus. The apparatus includes a memory for storing one or
more recipe programs, each of which may specity a schedule
for dispensing the ingredients from the carousel to a cooking
vessel, Tor heating the vessel (either covered or uncovered),
and for stirring the contents of the vessel. These operations
are performed substantially automatically under the control
of the microcomputer. Unfortunately, Wong suffers from a
number of limitations, including, for example an undesirable
reliance on a contact temperature sensor that 1s maintained in
contact with the bottom of the cooking vessel by a thermal
contact spring. Those with ordinary skill in the art will appre-
ciate that such temperature measurements are notoriously
unreliable because the contact 1s often not perfect when the
vessel 1s placed upon the probe.

U.S. Pat. Nos. 6,232,585 and 6,320,169 to Clothier
describe an RFID-equipped induction system that integrates
an RFID reader/writer into the control system of the induction
cooktop so as to utilize stored process information in an RFID
tag attached to a vessel to be heated and to periodically
exchange feedback information between the RFID tag and
the RFID reader/writer. This system allows many different
objects to be uniquely and automatically heated to a pre-
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selected regulation temperature because the required data 1s
stored on the RFID tag. Unfortunately, Clothier suffers from
a number off limitations, including, for example, that 1t does
not employ real-time temperature information from a sensor
attached to the vessel. Furthermore, the system does not allow
the user to manually select a desired regulation temperature
via a control knob on the range’s control panel and have the
hob substantially automatically achieve that desired tempera-
ture and maintain it indefinitely regardless of temperature
changes in the food load. Thus, with Clothier, the user could
not, for example, iry frozen food 1n a fry pan without con-
tinually having to manually adjust the power output of the hob
during the cooking process.

Due to the above-identified and other problems and limi-
tations 1n the prior art, an improved mechanism 1s needed for
cooking and heating.

SUMMARY OF THE INVENTION

The present invention overcomes the above-identified
problems and limitations in the prior art with a system and
method providing multiple cooking modes and an ability to
automatically heat cooking vessels and other objects using
RFID technology and temperature sensing, and an ability to
read and write recipe or heating instructions using the RFID
technology and to interactively assist in their execution. In a
preferred embodiment, the system broadly comprises an
induction cooking appliance; an RFID tag; and a temperature
sensor, wherein the RFID tag and the temperature sensor are
associated with the cooking vessel. The induction cooking
appliance, or “range”, 1s adapted to heat the vessel using a
well-known induction mechanism whereby an electric heat-
ing current 1s mmduced in the vessel. The range broadly
includes a plurality of bobs, each including a microprocessor,
an RFID reader/writer, and one or more RFID antennas; and
a user itertace including a display and an input mechanism.
Although the preferred embodiment range employs magnetic
induction, this invention may also utilize ranges employing
clectric resistance, electric radiant, halogen, gas, or other
known energy transier means. Accordingly, throughout this
description a “‘range” may include cooking systems that
employ any of these varieties of energy transier means.

The RFID reader/writer facilitates communication and
information exchange between the microprocessor and the
RFID tag. More specifically, the RFID reader/writer 1s oper-
able to read information stored in the RFID tag relating to
process and feedback information, such as, for example, the
vessel’s 1dentity, capabilities, and heating history.

The one or more RFID antennas facilitate the aforemen-
tioned communications and information exchange. Prefer-
ably, two RFID antennas, a center RFID antenna and a periph-
eral RFID antenna, are employed at each hob. The peripheral
RFID antenna provides a read range that covers an entire
quadrant of the hob’s periphery such that the handle of the
vessel, with the RFID tag located therein, can be located
anywhere within a relatively large radial angle and still be 1n
communication with the RFID reader/wrter. Using two
RFID antennas may require that they be multiplexed to the
RFID reader/writer. Alternatively, it 1s also possible to power
both RFID antennas at all times without sacrificing signifi-
cant read/write range by configuring the RFID antennas 1n
parallel.

The user interface allows for communication and informa-
tion exchange between the range and the user. The display
may be any conventional liquid crystal display or other suit-
able display device. Similarly, the input mechanism may be
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an easily cleaned membranous keypad or other suitable input
device, such as, for example, one or more switches or buttons.

The RFID tag 1s, as mentioned, associated with the vessel,
and 1s operable to communicate and exchange data with the
hob’s microprocessor via the RFID reader/writer. More spe-
cifically, the RFID tag stores the process and feedback infor-
mation, including information concerning the vessel’s 1den-
tity, capabilities, and heating history, and can both transmit
and recerve that and other information to and from the RFID
reader/writer. The RFID tag must also have sulficient
memory to store the recipe or heating information, as dis-
cussed below.

The temperature sensor 1s connected to the RFID tag and 1s
operable to gather information regarding the temperature of
the vessel. The temperature sensor must touch an outside
surface of the vessel. Furthermore, the point of attachment 1s
preferably located no more than one inch above the induction-
heated surface of the vessel. Wires connecting the tempera-
ture sensor to the RFID tag may be hidden, such as, for
example, 1n the vessel’s handle or 1n a metal channel.

In exemplary use and operation, the system functions as
tollows. The system provides at least three different modes of
operation: Mode 1; Mode 2; and Mode 3. When the range 1s
first powered-up, the hobs default to Mode 1. Mode 1 requires
temperature feedback, thus Mode 1 can only be used with
vessels having both an RFID tag and a temperature sensor.
The hob’s microprocessor awaits information from the RFID
reader/writer indicating that a vessel having these compo-
nents and capabilities has been placed on the hob. This 1nfor-
mation includes a “class-of-object” code that identifies,
among other things, the vessel’s type and the presence of the
temperature sensor. Unftil this mmformation 1s received, no
current 1s allowed to flow 1n the work coil, and thus no
unmintended heating can occur. Once a suitable vessel has been
detected, process and feedback information, described below
in greater detail, 1s downloaded from the RFID tag and pro-
cessed by the microprocessor.

The user may, as desired, download a recipe or other cook-
ing or heating instructions to the hob. A recipe card, food
package, or other 1tem provided with 1ts own RFID tag on
which the recipe 1s stored 1s waved over one of the hob’s RFID
antennas so that the RFID reader/writer can read the attached
RFID tag and download the recipe. If a recipe has been
downloaded to the hob, and a vessel appropriate for Mode 1
has been placed on the hob, the RFID reader/writer will
upload or write the recipe information to the vessel’s RFID
tag. If the vessel 1s thereaiter moved to a different hob, the
different hob can read the recipe and the process and feedback
information from the vessel’s RFID tag and continue with the
recipe from the step last completed or, as appropriate, an
carlier step.

If a recipe has not been scanned into the hob but the hob
detects an appropriate vessel, the hob will check to see 1f a
recipe has been recently written (by another hob) to the ves-
sel’s RFID tag. To accomplish this, the hob’s microprocessor
reads the vessel’s process and feedback information to deter-
mine an elapsed time since a recipe was last written to the
vessel’s RFID tag. If the elapsed time indicates that a recipe
was recently 1n progress, then the microprocessor will pro-
ceed to complete the recipe after determining an appropriate
point or step within the recipe at which to start. If, however,
the elapsed time indicates that a recipe was not recently in
progress or has been completed, then the microprocessor may
ignore any recipe found in the RFID tag and prompt the user
to for new 1nstructions or to download a new recipe to the hob.

Following the write operation, the entire recipe 1s stored 1n
the vessel’s RFID tag. The recipe may include such informa-
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tion as ingredient details and amounts, a sequence for adding,
the mngredients, stirring instructions, desired vessel type, ves-
sel regulation temperature for each recipe step, maximum
power level to be applied to the vessel during each recipe step,
duration of each recipe step, delay times between each recipe
step, holding temperature following recipe completion and
maximum holding time, and a clock time to begin execution
ol the recipe so that cooking can begin automatically at the
indicated time.

Once the vessel’s RFID tag has been recently programmed
with recipe information, the hob 1t 1s on or any other hob 1t 1s
moved to will sense this and will immediately read the tem-
perature of the vessel via 1ts temperature sensor. The hob will
then proceed with the recipe steps to actively assist the user in
preparing the food 1n accordance with the recipe. Such assis-
tance may include, for example, prompting the user, via the
display of the user interface, to add specified amounts of
ingredients at appropriate times. The user may be required to
indicate, using the input mechanism of the user interface, that
the addition of ingredients or other required action has been
completed. The assistance also preferably includes automati-
cally heating the vessel to a temperature or series ol tempera-
tures specified by the recipe and maintaining that temperature
for a specified period of time.

During the Mode 1 recipe-following process, a time stamp
reflecting execution of each recipe step as well as the time
clapsed since performing the step 1s periodically written to
the vessel’s RFID tag. If the user removes the vessel from the
hob prior to completion and then replaces the vessel on
another hob, the new hob’s microprocessor will continue the
recipe process at an appropriate point within the recipe. This
“approprate point” may be the next recipe step following the
step last completed, or may be a previous step preceding the
last step completed. Furthermore, 11 the elapsed timed away
from a hob 1s substantial, adjustments may need to be made.
For example, 1f the most recently completed step requires that
the vessel be maintained for a certain duration at a recipe-
stipulated temperature, then the duration may need to be
increased 1f it 1s determined that the vessel may have cooled
excessively while away from a hob. Preferably, the automatic
assistance provided by the range can be overridden as desired
by the user 1n order to, for example, increase or decrease the
duration of a step.

Mode 2 1s a manual RFID-enhanced mode and also
requires temperature feedback. Thus, Mode 2, like Mode 1,
can only be used with vessels having both an RFID tag and a
temperature sensor. The process information that accompa-
nies the appropriate vessel’s class-of-object code includes a
limiting temperature and a temperature oifset value. The lim-
iting temperature 1s the temperature above which the hob’s
microprocessor will not allow the pan to be heated, thereby
avolding fires or protecting non-stick surfaces or other mate-
rials from exceeding safe temperatures. The temperature oil-
set value 1s preferably a percentage of the selected regulation
temperature which becomes a desired temperature during
transient heat-up conditions.

The main function of Mode 2 1s to allow the user to place an
appropriate vessel on the hob, to manually select a desired
regulation temperature via the user interface, and to be
assured that the hob will thereafter heat the vessel to achieve
and maintain the selected temperature so long as the selected
temperature does not exceed the limiting temperature. To
accomplish achieving and maintaining the selected tempera-
ture without significant overshoot, Mode 2 periodically cal-
culates a temperature differential between the actual and
selected temperatures and bases 1ts power output on the tem-
perature differential. For example, 1f the temperature difier-
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ential 1s relatively large, then the hob may output full power;
but 1f the temperature difierential 1s relatively small, then the
hob may output less than full power 1n order to avoid over-
shooting the selected temperature.

Mode 3 1s a manual power control mode that does not
employ any RFID information, such that any induction-suit-
able vessel or object can be heated in Mode 3. Many prior art
ranges provide a mode of operation that 1s stmilar to Mode 3.
However, a feature of Mode 3 1n the present invention which
1s not disclosed 1n the prior art 1s that 11 any vessel having an
RFID tag and an appropriate class-of-object code 1s placed on
the hob, the hob will automatically leave Mode 3 and enter
Mode 1 and execute an appropriate procedure. This feature
attempts to prevent the user from inadvertently employing
Mode 3 with a vessel that the user mistakenly believes will
achieve automatic temperature regulation 1n that mode.

Thus, 1t will be appreciated that the cooking and heating
system and method of the present invention provides a num-
ber of substantial advantages over the prior art, including, for
example, providing for precisely and substantially automati-
cally controlling a temperature of a vessel that has an attached
RFID tag. Furthermore, the present invention advantageously
allows a user to select the desired temperature of the vessel
from a wider range of temperatures than 1s possible 1n the
prior art. The present invention also advantageously provides
for automatically limiting heating of the vessel to a pre-
established maximum safe temperature. The present mnven-
tion also provides for automatically heating the vessel to a
series of pre-selected temperatures for pre-selected durations.
Additionally, the present ivention advantageously ensures
that any of several hobs are able to continue the series of
pre-selected temperatures and pre-selected durations even it
the vessel 1s moved between hobs during execution of the
series. The present invention also advantageously provides
for compensating for any elapsed time 1n which the vessel
was removed from the range during the series, including,
when necessary, restarting the process or reverting to an
appropriate point in the recipe. Additionally, the present
ivention advantageously provides for exceptionally fast
thermal recovery of the vessel to the selected temperature

regardless of any change in cooling load, such as the addition
ol frozen food to hot o1l within the vessel.

Additionally, the present mmvention advantageously pro-
vides for reading and storing recipe or other cooking or heat-
ing 1nstruction from food packages, recipe cards, or other
items. The recipe may be stored in an RFID tag on the item
and may define the aforementioned series of pre-selected
temperatures for pre-selected durations. The present imven-
tion also advantageously provides for writing the recipe or
other instructions to the RFID tag of the vessel, thereby allow-
ing execution of the recipe to continue even after the vessel
has been moved to another hob into which the recipe has not
been previously or directly entered. The present imnvention
also advantageously provides for interactive assistance,
including prompting, in executing the recipe or other mstruc-
tions.

These and other important aspects of the present invention
are more fully described 1n the section entitled DETAILED

DESCRIPTION OF A PREFERRED EMBODIMENT,
below.

DESCRIPTION OF THE DRAWINGS FIGURES

A preferred embodiment of the present invention 1is
described in detail below with reference to the attached draw-

ing figures, wherein:
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FIG. 1 1s a schematic showing major components of a
preferred embodiment of the cooking and heating system of

the present invention;

FI1G. 2 1s a schematic showing components of the RFID tag
and temperature sensor used 1n the system shown in FIG. 1;

FI1G. 3 1s a first flowchart of method steps involved 1n a first
mode of operation of the system shown 1n FIG. 1;

FIG. 4 1s a second flowchart of method steps involved 1n a
second mode of operation of the system shown in FIG. 1;

FIG. § 1s a third flowchart of method steps 1mvolved 1n a
third mode of operation of the system shown i FIG. 1; and

FIG. 6 1s a schematic of an RFID tag memory layout used
in the system shown in FIG. 1.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring to the figures, a system 20 and method for cook-
ing and heating 1s disclosed 1n accordance with a preferred
embodiment of the present invention. Broadly, the system 20
and method provides multiple cooking modes and an ability
to automatically heat cooking vessels and other objects using,
RFID technology and temperature sensing, and an ability to
read and write recipe or heating instructions using the RFID
technology and to interactively assist in their execution.

Those with ordinary skill 1in the arts pertaining to RFID
technology will appreciate that it 1s an automatic identifica-
tion technology similar 1n application to well-known bar code
technology but using radio-irequency signals rather than
optical signals. RFID systems can be either read-only or
read/write. A read-only RFID system comprises both an
RFID reader, such as, for example, the model OMR-705+
RFID reader by Motorola, and an RFID tag, such as, for
example, the model I'T-254E RFID tag by Motorola. The
RFID reader performs several functions, one of which 1s to
produce a low-level radio-frequency magnetic field, typically
either at 125 kHz or at 13.56 MHz. This RF magnetic field
emanates from the RFID reader via a transmitting antenna,
typically in the form of a coil. The RFID reader may be sold
as an RFID coupler, which includes a radio processing unit
and a digital processing unit, and a separate, detachable
antenna. The RFID tag also includes an antenna, also typi-
cally 1in the form of a coil, and an integrated circuit (IC). When
the RFID tag encounters the magnetic field energy of the
RFID reader, it transmits programmed memory information
stored 1n the IC to the RFID reader. The RFID reader then
validates the signal, decodes the information, and transmits
the information to a desired output device, such as, for
example, a microprocessor, in a desired format. The pro-
grammed memory information typically includes a digital
code that uniquely 1dentifies an object to which the RFID tag
1s attached, incorporated into, or otherwise associated. The
RFID tag may be several inches away from the RFID reader’s
antenna and still communicate with the RFID reader.

A read/write RFID system comprises both an RFID reader/
writer, such as, for example, the model GemWave Medio™
SO13 coupler by Gemplus or the model A-SA detachable
antenna by Medio, and the RFID tag, such as, for example, the
model 40-SL read/write tag by Ario, and 1s able both to read
and write information from and to the RFID tag. The RFID
tag may, after recerving information from the RFID reader/
writer, store and later re-emit information back to that or
another RFID reader/writer. This re-writing and re-transmiut-
ting can be performed either continuously or periodically.
Actual transmission times are short, typically measured in
milliseconds, and transmission rates can be as high as 105
kb/s. Memory inthe RFID tags 1s typically erasable-program-
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mable read-only memory (EEPROM), and significant
memory storage capacity, typically 2 kb or more, 1s often
available. Additionally, the RFID reader/writer may be pro-
grammed to communicate with other devices, such as other
microprocessor-based devices, so as to perform complex
tasks. RFID technology 1s described 1n substantial detail in
U.S. Pat. No. 6,320,169, which 1s hereby incorporated by
reference 1nto the present application.

Referring to FIG. 1, the preferred embodiment of the sys-
tem 20 of the present invention broadly comprises an induc-
tion cooking appliance 22, an RFID tag 24, and a temperature
sensor 26, wherein the RFID tag 24 and the temperature
sensor 26 are attached to, incorporated into, or otherwise
associated with a cooking or heating vessel 28 or other similar
object, such as, for example, servingware. The induction
cooking appliance 22, also called a “cooktop’ and hereinatter
referred to as a “range”, 1s adapted to heat the vessel 28 using
a well-known induction mechanism whereby an electric heat-
ing current 1s induced 1n the vessel 28. The range 22 broadly
includes a rectifier 40; a solid state inverter 42; a plurality of
hobs 44, with each hob 44 including an induction work coil
46, a microprocessor 48, a vessel support mechanism 50, an
RFID reader/writer 52, one or more RFID antennas 54 A,54B,
a real-time clock 56, and additional memory 38; a micropro-
cessor-based control circuit (not shown); and a user interface
60, including a display 62 and an input mechanism 64.

The range 22 accomplishes induction heating 1n a substan-
tially conventional manner. Briefly, the rectifier 40 first con-
verts alternating current into direct current. The solid state
inverter 42 then coverts the direct current into ultrasonic
current, having a frequency of preferably approximately
between 20 kHz and 100 kHz. This ultrasonic frequency
current 1s passed through the work co1l 46 to produce a chang-
ing magnetic field. The control circuit controls the inverter 42
and may also control various other internal and user-interface
functions of the range 22, and includes appropriate sensors
for providing relevant input. The vessel support mechanism
50 1s positioned adjacent the work coil 46 so that the vessel
28, resting on the vessel support mechanism 50, 1s exposed to
the changing magnetic field.

The RFID reader/writer 52 facilitates communication and
information exchange between the microprocessor 48 and the
RFID tag 24. More specifically, in the present invention the
RFID reader/writer 52 1s operable to read information stored
in the RFID tag 24 relating to, for example, the vessel’s
identity, capabilities, and heating history. The RFID reader/
writer 52 1s connected to the microprocessor 48 using an
RS-232 connection. The preferred RFID reader/writer 52
allows for RS-232, RS4835, and TTL communication proto-
cols and can transmit data at up to 26 kb/s. A suitable RFID
reader/writer for use 1n the present mvention 1s available, for
example, from Gemplus as the model GemWave™ Medio
SO13. It should be noted that, because the RFID reader/writer
52 1s microprocessor-based, 1t 1s within the contemplated
scope of the present mnvention that a single microprocessor
could be programmed to serve both the RFID reader/writer 52
and the range’s control circuit.

The one or more RFID antennas 54A,54B connect to the
RFID reader/writer 52 via a coaxial cable and function to
further facilitate the aforementioned communication and
information exchange. Preferably the RFID antennas 54 A,
548 are small 1n size, lack a ground plane, and have a read/
write range ol approximately two inches. Preferably, two
RFID antennas, a center RFID antenna 34 A and a peripheral
RFID antenna 54B, are employed at each hob 44. The periph-
eral RFID antenna 54B preferably has a read range that covers
an entire quadrant of the periphery of the work coil 46 such
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that a handle 70 of the vessel 28, within which the RFID tag
24 1s located, can be located anywhere within a relatively
large radial angle and still be 1n communication with the
RFID reader/writer 52. In an equally preferred embodiment,
this particular advantage arising from using two RFID anten-
nas 54A,54B is achieved by using a single large antenna that
can read any RFID tag 24 in the field above the work coil 46.
In both embodiments, the read/write range of the RFID
reader/writer 52 1s advantageously larger than the single cen-
ter RFID antenna used in the prior art. As desired, 1t 1s also
possible to eliminate the center RFID antenna 34 A and use
only the peripheral RFID antenna 54B if fewer features are
needed.

Using two RFID antennas 54 A,54B may require that they
be multiplexed to the RFID reader/writer 52. Multiplexing
can be accomplished using any of several methods. In a first
method, a switching relay 1s provided that switches the con-
nection between the RFID reader/writer 52 and the RFID
antennas 54 A,54B such that only one RFID antenna 1s used
for transmission at any given time. It 1s also possible to power
both RFID antennas 54 A,54B at all times without sacrificing,
significant read/write range by configuring the RFID anten-
nas 54 A,54B 1n parallel. The location of the peripheral RFID
antenna 54B 1s chosen so that the RFID tag 24 of the vessel 28
1s positioned over the reception area of the peripheral RFID
antenna 548 when the vessel 28 1s placed on the hob 44. A
suitable RFID antenna for use in the present invention 1s
available, for example, from Gemplus as the Model 1"
antenna or the model Medio A-SA antenna.

The real-time clock 56 maintains accurate time over long
periods. Preferably, the clock 56 1s microprocessor compat-
ible and contains a back-up power supply that can operate for
prolonged periods even when the range 22 1s unplugged.
Typically, the clock 56 has a crystal-controlled oscillator time
base. Suitable clocks for use in the present invention are
well-known 1n the prior art and are available, for example,
from National Semiconductor as the model MM58274C or
from Dallas Semiconductor as the model DS-1286. It will be
appreciated by those with ordinary skill in the art that the
microprocessor 48 typically includes a real-time clock fea-
ture that can serve as the real-time clock 56.

The additional memory 58 1s accessible by the micropro-
cessor 48 and 1s capable of being both easily written to and
casily replaced so as to allow the user to add software algo-
rithms whenever a new type of vessel 28, not previously
programmed for, 1s desired to be used on the range 22. A
suitable memory for use 1n the present mvention 1s a flash
memory card available, for example, from Micron Technol-
ogy, Inc., as the model CompactFlash™ card. Another suit-
able memory 1s an EEPROM device or a flash memory device
that includes a modem connection so as to allow for re-
programming from a remote site over a telephone line.

The user interface 60 allows for communication and infor-
mation exchange between the range 22 and the user. The
display 62 may be any conventional liquid crystal display or
other suitable display device. Similarly, the mnput mechanism
64 may be an easily cleaned membranous keypad or other
suitable mput device, such as, for example, one or more
switches or buttons.

As mentioned, the RFID tag 24 1s affixed to, incorporated
into, or otherwise associated with the cooking or heating
vessel 28, and 1s operable to communicate and exchange data
with the microprocessor 48 via the RFID reader/writer 52.
More specifically, the RFID tag 24 stores information con-
cerning the vessel’s identity, capabailities, and heating history,
and can both transmit and receirve that information to and
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have sufificient memory to store recipe information, as dis-
cussed below. Preterably, the RFID tag 24 1s able to withstand
extreme temperatures, humidity, and pressure. A suitable
RFID tag for use 1n the present mvention 1s available from
Gemplus as the model GemWave™ Ario 40-SL Stamp. This
particular RFID tag has dimensions of 17 mmx17 mmx1.6
mm, and has a factory-embedded 8 byte code 1n block 0, page
0 of 1ts memory. It also has 2 Kbits of EEPROM memory
arranged 1n 4 blocks, with each block containing 4 pages of
data, wherein each page of 8 bytes can be written to separately
by the RFID reader/writer 52. Other suitable RFID tags, also
from Gemplus, include the Ario 40-SL Module and the ultra-
small Ario 40-SDM.

The temperature sensor 26 1s connected to the RFID tag 24
and 1s operable to gather information regarding the tempera-
ture of the vessel 28. Any temperature sensor or transducer,
such as, for example, a thermistor or resistance temperature
device (RTD), with a near linear voltage output relative to
temperature can be used in the present invention to provide an
analog signal which, when converted to a digital signal by the
RFID tag 12, can be transmitted to the RFID reader/writer 52
within normal communication protocols. A suitable, though
not necessarily preferred, RFID reader/writer and passive
RFID temperature-sensing tag was devised for the present
invention based upon technology developed by Phase 1V
Engineering of Boulder Colo., and Goodyear Tire and Rubber
Company of Akron, Ohio, disclosed in U.S. Pat. No. 6,412,
977, 1ssued to Black, et al. on Jul. 2, 2002, titled “Method for
Measuring Temperature with an Integrated Circuit Device”,
and U.S. Pat. No. 6,369,712 1ssued to Letkomailler, et al. on
Apr. 9, 2002, titled “Response Adjustable Temperature Sen-
sor for Transponder”, both of which are hereby incorporated
by reference into the present application. Unfortunately, the
particular RFID tag used by Phase IV Engineering provides
neither write capability nor sufficient memory, and thus
another RFID tag with these necessary features must be used
in conjunction with the less capable RFID tag. In order to
minimize complexity and cost, however, the preferred system
20 utilizes only one RFID tag 24 to perform temperature
sensing and other feedback communications and to process
information storage.

The temperature sensor 26 must touch an outside surface of
the vessel 28. If an RTD 1s used, for example, 1t may be
permanently attached to the most conductive layer of the
vessel 28. For multi-ply vessels, such as those most com-
monly used for induction cooking, the preferred attachment
layer 1s an aluminum layer. Furthermore, 1t 1s preferred to
locate the point of attachment no more than one inch above
the induction-heated surface of the vessel 28. The tempera-
ture sensor 26 1s preferably attached using ceramic adhesive
to an outside surface of the vessel 28 at a location where the
vessel’s handle 70 attaches to the vessel’s body. Alternatively,
the temperature sensor 26 may be attached using any other
suitable and appropriate mechanmism, such as, for example,
mechanical fasteners, brackets, or other adhesives, as long as
the attachment mechanism ensures that the temperature sen-
sor 26 will maintain sufficient thermal contact with the vessel
28 throughout 1ts life.

Any wires connecting the temperature sensor 26 to the
RFID tag 24 are preferably lhudden, such as, for example, 1n
the vessel’s handle 70. If the vessel 28 1s such that its handle
70 1s more than one inch above the induction-heated surface,
the temperature sensor 26 and wires may be hidden within a
metal channel so that the RFID tag 24 can remain 1n the
handle 70. Though not essential, the RFID tag 24 1s preferably
sealed within the handle 70 so that water does not enter the
handle 70 during washing. Referring to FIG. 2, a schematic 1s
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shown of how the temperature sensor 24 may be attached to
the RFID tag 24. The two wire leads of the RFID tag 24 are

welded to the RFID tag 24 such that the welding pads 90A,
90B connect the temperature sensor 26 to the RFID tag’s
integrated circuit (I1C).

In exemplary use and operation, referring to FIGS. 3-5, the
system 20 functions as follows. The system 20 provides at
least three different modes of operation: Mode 1, an enhanced
RFID mode, 1s for vessels 28 that have both an RFID tag 24
and a temperature sensor 26; Mode 2, a manual RFID mode,
1s also for vessels 28 that have both an RFID tag 24 and a
temperature sensor 26; and Mode 3, a manual power control
mode, 1s for vessels that have no RFID tag and no temperature
SENSor.

When the range 22 1s first powered-up, the hob 44 detaults
to Mode 1. The hob’s microprocessor 48 awaits information
from the RFID reader/writer 52 indicating that a vessel 28
having a suitably programmed RFID tag 24 has been placed
on the vessel support structure 50, as depicted 1 box 200.
This information includes a “class-of-object” code that 1den-
tifies the vessel’s type (e.g., frying pan, sizzle pan, pot) and
capabilities. Until this information 1s received, no current 1s
allowed to flow 1n the work coil 46, and thus no unintended
heating can occur. If the hob 44 1s provided with two RFID
antennas 34 A,54B, as 1s preferred, then the RFID tag 24 may
be read by either the center RFID antenna 54 A or the periph-
eral RFID antenna 54B. Once the vessel 28 has been detected,
process and feedback information, described below in greater
detail, 1s downloaded from the RFID tag 24 and processed by
the microprocessor 48, as depicted in box 202. The aforemen-
tioned class-of-object code will inform the microprocessor 48
of or allow the microprocessor 48 to select an appropriate
heating algorithm. Several different heating algorithms,
including those described 1n atorementioned U.S. Pat. No.
6,320,169, each employing different feedback information
and process mformation (stored on the RFID tag 24), are
stored in the additional memory 38 and available to the micro-
processor 48.

Atthis point, the user may, as desired, download a recipe or
other cooking or heating instructions to the hob 44 as depicted
in box 204. A recipe card, food package, or other item pro-
vided with 1ts own RFID tag on which is stored the recipe 1s
simply waved over one of the hob’s two antennas 54 A,54B so
that the RFID reader/writer 52 can read the attached RFID tag
24 and download the recipe. The aforementioned process and
teedback mformation may include recipe steps already com-
pleted, including when those steps were completed.

If the vessel 28 includes both an RFID tag 24 and a tem-
perature sensor 26, then the class-of-object code will reflect
that capability. If a recipe has been downloaded to the hob 44,
and a vessel 28 having a class-of-object code indicating both
an RFID tag 24 and a temperature sensor 26 1s placed on the
hob 44, the RFID reader/writer 52 will upload or write the
recipe information to the vessel’s RFID tag 24, as depicted in
box 206. I1the vessel 28 1s therealter moved to a different hob,
the different hob can read the recipe and the process and
teedback information from the vessel’s RFID tag 24 and
continue with the recipe from the step last completed or other
appropriate step. In order for the recipe be writtento avessel’s
RFID tag 24, the vessel 28 must be placed on the hob 44
within a fixed time nterval, such as, for example, approxi-
mately between 10 seconds and 2 minutes, after the recipe has
been downloaded into the microprocessor 48. Thus, once the
recipe has been downloaded, the hob 44 immediately begins
searching for an RFID tag 24 with the appropriate class-oi-
object code. If the hob 44 cannot detect such a vessel 28
during the fixed time 1nterval, 1t will cease its attempts and, 1f
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the user still wishes to proceed, the recipe must be down-
loaded again to 1nitiate a new fixed time 1nterval.

If a recipe has not been scanned 1nto the hob 44 but the hob
44 detects a vessel 28 having the appropriate class-of-object
code, the hob 44 will check to see 1f a recipe has been recently
written (by another hob) to the vessel’s RFID tag 24, as
depicted 1n box 208. To accomplish this, the hob’s micropro-
cessor 48 reads the vessel’s process and feedback information
to determine an elapsed time since a recipe was last written to
the vessel’s RFID tag 24. If the elapsed time indicates that a
recipe was recently in progress, then the microprocessor 48
will proceed to complete the recipe after determining an
appropriate point or step within the recipe at which to start, as
depicted 1 box 210. For example, the elapsed time and
sensed temperature may indicate that the vessel 28 has cooled
substantially since completion of a previous heating step,
such that the heating step should be repeated. I, however, the
clapsed time indicates that a recipe was not recently 1n
progress or has been completed, then the microprocessor 48
may 1gnore any recipe found in the RFID tag 24 and prompt
the user to for new 1nstructions or to download a new recipe to
the hob 44.

Following the write operation, the entire recipe 1s stored 1n
the vessel’s RFID tag 24. The recipe may be very long and
detalled and may include ingredients and amounts, a
sequence for adding the ingredients, stirring instructions,
desired vessel type, vessel regulation temperature for each
recipe step, maximum power level to be applied to the vessel
28 during each recipe step (some processes may require very
gentle heating while others can tolerate high power applica-
tions ), duration of each recipe step, delay times between each
recipe step, holding temperature (after recipe completion)
and maximum holding time, and a clock time to begin execu-
tion of the recipe so that cooking can begin automatically at
the indicated time. Additional information may be included,
depending on memory space.

Referring to FIG. 6, a schematic 92 1s shown of the RFID
tag’s layout showing memory locations and memory alloca-
tion. This same layout can be used both 1n the vessel’s RFID
tag 24 and 1n the RFID tag on which the recipe 1s nitially
provided. The following memory locations, most or all of
which store process or feedback information and are written

to by the RFID reader/writer 52 periodically, are shown in
FIG. 6:

LKPS (V2 byte)

The last recipe step executed.

Time(LKPS) (Hr); Time(LKPS) (Min); Time(LKPS) (Sec)
The time from the real-time clock 56 used to provide a time
stamp for calculating elapsed time.

Time 1n Power Step

An integer corresponding to the amount of time, 1n ten second
intervals, that the vessel 28 has operated 1n the current recipe
step. If the vessel 28 1s removed from the hob 44 during a
recipe step, then this value will be read when the vessel 28 1s
replaced on any hob. The hob’s microprocessor 48 will sub-
tract this value from the step’s specified duration and will
continue the recipe step for the remainder of that time.

Date (LKPS) (Moo); Date (LKPS) (Day)

The date from the real-time clock 56 used to provide a time

stamp for calculating elapsed time.

Internal Check Sum

A Cyclic Redundancy Code (CRC) that 1s generated by the
RFID reader/writer 52 each time a write operation 15 com-
pleted and written to the RFID tag 24 each time a write
operation occurs. Two CRC internal check sum values are
shown, one 15 1n Block 1, Page 0 of memory (B1P0) and the

other 1s 1n Block 3, Page 2 of memory (B3P2).
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Delta t

Each integer of this value represents a 10 ms time interval that
occurs between read operations of the RFID tag 24 by the
RFID reader/writer 52.

IPL1-IPL11

These values (0-135) divided by 15 give the maximum per-
centage of maximum power allowed during corresponding
recipe power steps. For example, IPL1=15 means that 100%
of maximum power may be applied during recipe step #1;
IPL.2=10 means that 66% of maximum power may be applied
during step #2.

Max Step

The maximum number of recipe steps plus one. The addi-
tional “plus one” step 1s a holding step that follows the
completion of all other steps.

Max Watts

The maximum power, 1n 20 watt increments, that the cooking
procedure 1s allowed to apply during any recipe step (see the
description of IPL1-IPLK15, above). Improper coupling of
the vessel 28 with the hob 44 may limait the true output power
of the hob to less than Max Watts.

Sleep Time

The number of minutes after which, 1f no load 1s detected, the
hob 44 will enter a sleep mode wherein which no further
searching for RFID tags nor any output of power 1s per-
formed. In this sleep state, the user must provide a mode
select input using the range’s mmput mechanism 64 to re-
activate the hob 44.

Write Interval

A multiple of Delta t that defines the time 1nterval between
writing to the RFID tag 24 what LKPS and t(LKPS) have just
occurred. When the vessel 28 1s removed from the hob 44 and
placed on a different hob, this writing function allows the
different hob 44 to determine the amount of time remaiming 1n
the current recipe step. For example, 1f Delta t has a value of
200 (making Delta t equal to 2 seconds), and “Write Interval”
has a value of 5, then the RFID tag 24 should be written to
every 10 seconds.

T1-T11

The temperature that the hob 44 attempts to maintain during
the corresponding recipe step. There are only ten possible
Mode 1 recipe step cooking temperatures, and one additional
“T” value reserved for the holding temperature. The hob 44
will attempt to maintain the specified temperature using feed-
back from the temperature sensor and a learning algorithm
that samples the feedback to calculate temperature differen-
tials from the desired temperatures and rates ol temperature
change.

Limiting Temp

The maximum temperature that the vessel 28 can safely
reach. If the vessel’s temperature reaches this value, the user
interface display 62 tlashes the temperature and an appropri-
ate warning. If the vessel’s temperature remains at the Lim-
iting Temperature for a predetermined length time, such as,
for example, approximately 60 seconds, or exceeds the Lim-
iting Temperature, then the hob 44 ceases to heat the vessel 28
and enters the sleep mode and must be reset before further
use.

COB

The class-of-object code that tells the hob’s microprocessor
48 what type of vessel 28 1s present, what feedback informa-
tion will be provided, and what heating algorithm to employ.
For example, if the COB has the value of 4, then the hob 44
determines that the vessel has temperature-sensing capabil-
ity. If the hob 44 1s 1n Mode 1 when COB=4 1s determined, a
recent recipe scan must have been accomplished before the
vessel 28 will be heated, as described above. 11 the hob 44 1s
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in Mode 2 when COB=4 1s determined, a user-selected regu-
lation temperature will be maintained, as described below.
Temperature Offset

This value accommodates a variety of different vessels and
vessel manufacturers by compensating for the temperature
sensors being in different places on the vessels, some being
further away from the vessels’” bottoms than others. This
value 1s needed only during transient heating conditions, not
in maintenance conditions when the sensed temperature 1s
within a “maintenance band” of temperatures about the
desired regulation temperature. This value provides flexibil-
ity to compensate for different transient lags on the RFID tag
24. 'This value equals the percentage of the selected regulation
temperature, and at a sensed temperature equal to the user-
selected temperature minus the Temperature Offset the hob
44 will consider that the desired regulation temperature has
been achieved and will enter a maintenance condition.

Time 1-Time 10

The duration or elapsed time that the vessel 28 must remain at
its respective temperature (see the description of T1-T11,
above) or within 10% of that value before the recipe step 1s
complete and the hob 44 proceeds to perform the next recipe
step. For example, when recipe step #1 commences, a timer 1s
started; when the timer has reached a value equal to Time 1,
the hob 44 moves to recipe step #2. I the vessel 28 1s removed
during a power step, the timer 1s reset; when the vessel 28 1s
replaced, LKPS and Time(LKPS) are used to determine the
clapsed time remaining within that step.

Temperature Coding

A toggle switch consisting ol two bits in B1-P0. Either “F” for
Fahrenheit or “C” for Celsius 1s selected. This 1s mainly used
during iitial programming of a recipe (COB=3) so that the
temperature values, T1-T11, of the recipe will be properly
interpreted.

Max Hold Time

The maximum hold time, 1n 10 minute intervals, that a vessel
28 can stay 1n the maintenance mode before the hob 44 goes
to sleep.

Same Object Time

This value defines an interval wherein a vessel 28 can be
removed from and replaced on a hob 44 and the timer will
resume without resetting. It the elapsed time of removal 1s
greater than Same Object Time, then the timer 1s reset and the
step must be repeated.

Pulse Delay (1 byte)

This value defines, in maintenance mode only, the number of
write intervals that pass between each Writing To Tag of B1P0
information. For example, 11 Pulse Delay equals 0, then the
RFID tag 24 is updated with B1P0 information each write
interval. However, 11 Pulse Delay equals 3, then 3 write inter-
vals pass between each write operation to B1PO. Thus, if
Write Interval 1s 2, Delta t 1s 100, and Pulse Delay 1s 3, then
once maintenance mode 1s entered, 8 seconds would pass
between each write operation (2 seconds for temperature
check but empty write, 2 seconds to the next temperature
check but empty write, 2 seconds to the next temperature
check but empty write, and then 2 seconds to the next tem-
perature check, the results of which are written to B1PO.
Internal Check Sum #

A CRC (Cyclic Redundancy Code) that 1s generated by the
RFID reader/writer 52 each time a write operation 1s Com-
pleted. The CRC check sum value 1s written to the RFID tag
24 each time a write operation occurs. Two CRC internal
check sum values are shown in memory, one 1s in Block 1,
Page 0 of memory (B1P0) and one 1s 1n Block 3, Page 2 of
memory (B3P2).
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Once the vessel’s RFID tag 24 has been recently pro-
grammed with recipe information, the hob 44 1t 1s on or any
other hob 1t 1s moved to will sense this and will immediately
read the temperature of the vessel 28 via its temperature
sensor 26, as depicted 1 box 212. The hob 44 will then
proceed with the recipe steps to actively assist the user in
preparing the food 1n accordance with the recipe, as depicted
in box 214. Such assistance preferably includes, for example,
prompting the user, via the display 62 of the user interface 60,
to add specified amounts of ingredients at appropriate times.
The user may be required to indicate, using the mput mecha-
nism 64 of the user interface 60, that the step of adding
ingredients has been completed. The assistance also prefer-
ably includes automatically heating the vessel 28 to a tem-
perature specified by the recipe and maintaining that tempera-
ture for a specified period of time. Such assistance may
continue until the recipe 1s completed.

During the Mode 1 recipe-following process, a time stamp
reflecting execution of each recipe step as well as the time
clapsed in performing the step 1s periodically written to the
vessel’s RFID tag 24, as depicted in box 216. As mentioned,
if the user removes the vessel 28 from a hob 44 prior to
completion and then replaces the vessel 28 on another hob,
the new hob’s microprocessor will continue the recipe pro-
cess at an appropriate point as indicated by the vessel’s RFID
tag 24. Adjustments may need to be made to the recipe times;
for example, a total elapsed time at a recipe-stipulated tem-
perature for the most recent recipe step may need to be
increased because the vessel 28 may have cooled excessively
while away from a hob. Preferably, the automatic assistance
provided by the range 22 can be overridden as desired by the
user in order to, for example, increase or decrease the duration
of a step.

By way of example, the following 1s a likely sequence of
events for Mode 1 operation of the range 22 with a {ry pan
vessel 28 having an RFID tag 24 and temperature sensor 26 in
its handle 70. First, the user scans a food package over the
peripheral RFID antenna 54B of the hob 44 1n order to trans-
ter the recipe information stored 1n the package’s RFID tag 24
to the hob’s microprocessor 48. The range’s display 62 then
begins to communicate nstructions to the user. Once the fry
pan’s handle 70 1s placed over the peripheral RFID antenna
54B, the recipe mformation 1s uploaded 1nto the pan’s RFID
tag 24 and the sequence of cooking operations begins auto-
matically. Preterably, the user must provide an input via the
input mechanism 64 betfore the hob 44 begins each cooking
operation in the automatic sequence. This requirement pre-
vents the range from, for example, heating the pan 28 before
a necessary mgredient 1s added.

If the cooking vessel does not include a temperature sensor,
then, still operating in Mode 1, the hob will download 1nfor-
mation from the RFID tag and begin heating the vessel
according to its process data, feedback data, and appropriate
heating algorithm. This procedure 1s thoroughly described in
U.S. Pat. No. 6,320,169.

If the cooking vessel has no RFID tag or no RFID tag with
a suitable class-of-object code, no heating will occur. The hob
44 will simply continue to search for a suitable RFID tag or
wait for the user to select another operating mode.

Mode 2 1s a manual RFID-enhanced mode. Mode 2 1s
entered via the mput mechanism 64 of the range’s user-
interface 60. Once 1n Mode 2, the hob’s microprocessor 48
awaits process information from a suitable RFID tag 24 prior
to allowing any current to flow within the work coil 46 to heat
the vessel 28. Mode 2 can be used only for vessels having both
RFID tags and temperature sensors; no other class-of-object
code will allow the user to operate 1n Mode 2.
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Preferably, the process information that accompanies the
appropriate class-of-object code includes a limiting tempera-
ture and a temperature oilset value. The limiting temperature,
described above, 1s the temperature above which the hob’s
microprocessor 48 will not allow the pan to be heated, thereby
avoiding fires or to protecting non-stick surfaces or other
materials from exceeding designed temperatures. The limit-
ing temperature 1s programmed 1nto the vessel’s RFID tag 24
by the vessel’s manufacturer prior to sale. The temperature
ollset value, described above, 1s preferably a percentage of
the selected regulation temperature which becomes a desired
temperature during transient heat-up conditions. For
example, 11 the value of the temperature offset 1s 10, then only
during transient heating or heat-up operations will the hob’s
microprocessor 48 attempt to achieve a regulation tempera-
ture equal to the user-selected temperature minus 10%. The
use of the temperature offset value 1s only necessary during
heat-up because the temperature of the side walls of some
vessels (where the temperature 1s actually measured) lags
behind the average temperature of the vessels’ bottom sur-
faces. Once the vessel 28 1s 1n a steady state condition or 1s 1n
a cool-down mode, the temperature lag 1s 1significant and
does not warrant the temperature oifset value and associated
procedure. Therefore, once the vessel 28 reaches the desired
temperature during a heat-up condition, the hob’s micropro-
cessor 48 reverts to holding the actual user-selected tempera-
ture during the subsequent maintenance or cool-down
sequence.

The main function of Mode 2 1s to allow the user to place an
appropriate vessel 28 on the hob 44; to manually select a
desired regulation temperature via the user interface 60; and
to be assured that the hob 44 will thereafter automatically heat
the vessel 28 to achieve and maintain the selected temperature
(as long as the selected temperature does not exceed the
limiting temperature) regardless of the load (food) added or
subtracted from the vessel 28. Preferably, the range 22 allows
the user to select vessel regulation temperatures from at least
between 68° F. and 500° F.

In operation, Mode 2 proceeds as follows. Once a proper
RFID tag-equipped vessel 28 1s placed upon a hob 44 oper-
ating 1n Mode 2, one of the two RFID antennas 54A,54B will
read the class-of-object code and the aforementioned process
data from the RFID tag 24, as depicted in box 220. Further-
more, the temperature of the vessel 28 1s read by the RFID
reader/writer 52 and transmitted to the hob microprocessor 48
(see U.S. Pat. No. 6,320,169 for details concerning commu-
nications between the RFID reader/writer 52 and the micro-
processor 48), as depicted 1 box 222. Assuming that the
selected or desired temperature 1s above the sensed tempera-
ture and below the limiting temperature, the hob’s work coil
46 will output an approprate level of power to heat the vessel
28 from its present to its desired temperature. By “appropri-
ate” level of power, 1t 1s meant that the microprocessor 48 will
calculate a temperature differential (desired temperature
minus sensed temperature) to determine what power level to
apply, as depicted 1n box 224. If the temperature differential 1s
large (more than, for example, 20° F.), the hob will output tull
power to the vessel 28, as depicted 1n box 226. Once the
differential 1s calculated to be positive but not large (less than
20° F.), the output power can be reduced to a lower level, such
as, for example, 20% of maximum, as depicted in box 228.
This type of appropriate power selection can reduce tempera-
ture overshoot during heating operations. Also, 11 a non-zero
value of temperature oifset i1s stored in the RFID tag’s
memory, the hob 44 will reduce the power to prevent over-
shoots based upon an attempt to reach the selected regulation
temperature minus the product of the selected regulation tem-
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perature and the temperature ofiset value. Furthermore, once
the hob 44 detects that the vessel 28 has reached, or exceeded,
its desired temperature, 1t can select an appropriate level of
power output to maintain the desired temperature, as depicted
in box 230. By taking periodic temperature measurements
and calculating temperature differentials from the desired
temperature, the microprocessor 48 can select ever-changing,
power outputs that will successtully maintain the vessel 28
temperature within a narrow band about the selected regula-
tion temperature regardless of the cooling food load experti-
enced by the vessel 28. Of course, this adaptive feature of
determining appropriate power output levels can also be
employed 1n Mode 1 to maintain a desired temperature.

It will be appreciated that Mode 2 can also include the
teature of Mode 1 involving writing information to the RFID
tag 24 so that a process 1 progress can be completed by
another hob. In Mode 2, this feature would involve writing the
desired temperature to the RFID tag 24 so that if the vessel 28
1s moved to another hob, the new hob can complete the
heating process without requiring additional input from the
user.

Mode 3, which 1s known in the prior art, 1s a manual power
control mode that does not employ any RFID information,
such that any induction-suitable vessel or object can be heated
in Mode 3. In Mode 3 the user selects, via the user interface
60, a desired power output level which 1s a percentage of the
maximum power that the work coil 46 can generate, as
depicted 1n box 232. In Mode 3 the induction range 22 oper-
ates much like a conventional gas range. State-oi-the-art
induction cooktops, such as, for example, the CookTek
C1800, all operate 1n some fashion in a manual power control
mode.

A Teature of Mode 3 1n the present invention which 1s not
disclosed 1n the prior art 1s that 1f any vessel having an RFID
tag and an appropriate class-of-object code 1s placed on the
hob 44, the hob 44 will automatically leave Mode 3 and enter
Mode 1 and execute an appropriate procedure, as depicted 1n
box 234. This feature attempts to prevent the user from inad-
vertently employing Mode 3 with a vessel that they mistak-
enly believe will achieve automatic temperature regulation 1n
that mode. Other mechanisms to prevent the user from 1nad-
vertently employing Mode 3 may also employed in the
present invention, including, for example, requiring that the
user enter Mode 3 from Mode 2. This prevents the user from
accidentally entering directly into Mode 3. Another such
mechanism 1s an automatic “no-load” reversion to Mode 1,
wherein 11 no suitable load 1s detected over the work coil 46
for a pre-programmed amount of time, such as, for example,
approximately between 30 seconds and 2 minutes, while a
hob 44 1s in Mode 3, then the microprocessor 48 will auto-
matically revert to Mode 1.

From the preceding description, it will be appreciated that
the cooking and heating system 20 of the present invention
provides a number of substantial advantages over the prior
art, including, for example, providing for precisely and sub-
stantially automatically controlling a temperature of a vessel
28 that has an attached RFID tag 24. Furthermore, the present
invention advantageously allows a user to select the desired
temperature of the vessel 28 from a wider range of tempera-
tures than 1s possible 1 the prior art. The present invention
also advantageously provides for automatically limiting heat-
ing of the vessel 28 to a pre-established maximum safe tem-
perature. The present invention also provides for automati-
cally heating the vessel 28 to a series of pre-selected
temperatures for pre-selected elapsed times. Additionally, the
present mnvention advantageously ensures that any of several
hobs 44 are able to continue the series of pre-selected tem-

10

15

20

25

30

35

40

45

50

55

60

65

18

peratures and pre-selected elapsed times per temperature
even 11 the vessel 28 1s moved between hobs 44 during execu-
tion of the series. The present invention also advantageously
provides for compensating for any elapsed time 1n which the
vessel 28 was removed from the range during the series,
including, when necessary, restarting the process at an appro-
priate point 1n the recipe. Additionally, the present invention
advantageously provides for exceptionally fast thermal
recovery of the vessel 28 to the selected temperature regard-
less of any change 1n cooling load, such as the addition of
frozen food to hot o1l in the vessel 28.

Additionally, the present invention advantageously pro-
vides for reading and storing recipe or other cooking or heat-
ing 1nstruction from food packages, recipe cards, or other
items. The recipe may be stored i an RFID tag on the item
and may define the aforementioned series of pre-selected

temperatures for pre-selected elapsed times. The present
invention also advantageously provides for writing the recipe
or other instructions to the RFID tag 24 of the vessel 28,
thereby allowing execution of the recipe to continue even
after the vessel 28 has been moved to another hob 1nto which
the recipe was not initially entered. The present invention also
advantageously provides for interactive assistance, including
prompting, 1n executing the recipe or other mstructions.

Although the invention has been described with reference
to the preferred embodiment illustrated 1n the attached draw-
ings, 1t 1s noted that equivalents may be employed and sub-
stitutions made without departing from the scope of the
invention as recited in the claims.

Having thus described the preferred embodiment of the
invention, what 1s claimed as new and desired to be protected
by Letters Patent includes the following:

What 1s claimed 1s:

1. A method of heating a vessel using a range having an
RFID [reader/writer] reader, wherein the vessel includes an
RFID tag and a temperature sensor, the method comprising
the steps of:

(a) reading a set of heating instructions from an external
storage medium separate from said vessel and selected
from the group comsisting of a recipe cavd and a food
package, wherein the heating mstructions include a
sequence ol one or more heating steps, with at least one
of the heating steps including a desired temperature;

(b) detecting the vessel and 1dentifying vessel information;

(¢) reading the actual temperature of the vessel from the
RFID tag;

(d) determining a temperature differential between the
desired temperature of the set of heating instructions and
the actual temperature; and

(e) controlling heating of the vessel based at least in part
upon the temperature differential.

2. The method as set forth in claim 1, further comprising
the step of repeating steps (¢)-(e) until the sequence of heating,
steps 1s complete.

[3. The method as set forth in claim 1, further comprising
the step of writing the set of heating instructions to the vessel
RFID tag.}

4. The method as set forth in claim [3] /6, wherein the
action of detecting [and identifying] the vessel further
includes detecting whether a second set of heating instruc-
tions 1n the vessel RFID tag i1s 1n progress and proceeding
without the action of writing 11 a second set of heating instruc-
tions 1s 1n progress.

5. The method as set forth 1in claim 1, wherein the set of
heating instructions 1s a recipe.
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6. The method as set forth 1n claim 1, wherein the external
storage medium of step (a) 1s contained on a RFID tag asso-
ciated with a food package.

7. The method as set forth 1n claim 1, wherein the external
storage medium of step (a) 1s contained on a RFID tag asso- >
ciated with a recipe card.

8. The method as set forth as set forth in claim 1, further
comprising the step of prompting a user to perform an action
in accordance with the set of heating instructions.

9. The method as set forth 1n claim 8, wherein the step of

prompting a user further comprises delaying the next heating,
instruction step until a user provides an input to the range.

10. The method as set forth in claim [1] /6, further includ-
ing the step ol writing a heating history to the RFID tag so that
if the vessel 1s moved to a second RFID reader/writer the
second RFID reader/writer can read the heating history.

11. The method as set forth 1n claim 10, wherein the heating
history includes a last known actual temperature, a time when
the last known actual temperature occurred, and a last step
completed 1n the sequence of beating steps prior to the vessel
being moved to the second RFID reader/writer.

12. The method as set forth 1n claim 10, further including
the step of determining from the heating history an elapsed
time as a difference between a current time and the time when
the last known actual temperature occurred.

13. The method as set forth in claim 12, wherein 1f the
clapsed time 1s greater than a first pre-established value then
the last step completed 1n the sequence of heating steps 1s
repeated.

14. The method as set forth 1n claim 12, wherein 1if the
elapsed time is less than [the] a first pre-established value
then [the] a next step in the sequence of heating steps is begun,
wherein the next step 1n the sequence of heating steps imme-
diately follows the last step 1n the sequence of heating steps.

15. The method as set forth 1n claim 1, further including the
step of modifying the heating instructions 1n response to the
identified vessel mnformation.

16. A method of heating a vessel using an induction range
having an RFID reader/writer, wherein the vessel includes an
RFID tag and a temperature sensor, the method comprising
the steps of:

(a) reading a set of heating instructions from an external
storage medium separate from said vessel and selected
from the group consisting of a recipe card and a food
package, wherein the heating instructions include a
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sequence ol one or more heating steps, with at least one
of the heating steps including a desired temperature;

(b) detecting the vessel and writing the set of heating
instructions to the vessel RFID tag;

(¢) reading the actual temperature of the vessel from the
RFID tag;

(d) determining a temperature differential between the
desired temperature of the set of heating instructions and
the actual temperature; and

(e) controlling heating of the vessel based at least in part
upon the temperature differential.

17. The method as set forth in claim 16, further including
the step of modifyving the heating instructions in response to
the identified vessel information.

18. The method of claim 1, further comprising the step of
repeating steps (b)(i)-(iii).

19. The method of claim 1, further comprising the step of
writing the set of heating instructions to the vessel RFID tag
(24).

20. The method of claim 1, further comprising the step of

prompting a user to perform an action in accovdance with

said heating instructions.

21. A method of heating a vessel (28) using a vange (22)
having an REFID reader (52), wherein the vessel (28) is on said
range (22) and the vessel (28) includes an RFID tag (24) and
a temperature sensov (26) operably coupled with the RFID
tag (24) so that information about the actual temperature of
the vessel (28) sensed by said sensor (26) is received by said
RFID tag (24), the vessel RFID tag (24) storing information
confirming the presence of said RFID tag (24) and said tem-

perature sensor (26), the method comprising the steps of:

(a) loading heating instructions onto said veader (52) from
a recipe card, food package, ov other item separate from
the vessel (28), including one or more heating steps
including a desired vessel regqulation temperature;

(b) heating said vessel (28) by (i) reading the temperature
of the vessel (28) from the vessel’s associated RFID tag
(24); (ii) determining a temperature differential between
said desived temperature and the vessel temperature;
and (iii) controlling the heating of said vessel (28) based
upon the temperaturve differential and said heating
instructions,

said heating step being carried out only if said reader (52)
detects the presence of a suitable vessel (28).
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