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applying the system resources to the heating elements to heat one or more food substances within a cooking chamber, and selectively
regulating delivery of the system resources to the heating elements such that no more than the associated budget of each of the system
resources is delivered to the heating elements. Computing components can execute a heating algorithm to cook at least one food
substance in the cooking chamber, detect a state change of the food substance, and modify the heating algorithm to reconfigure the
system resources supplied to the heating elements in response to the state change and in accordance with user configured allocation

and associated budgets for the system resources.

[Continued on next page]



WO 2019/033089 A1 || 10PN 0 0010 rr

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KI, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2019/033089 PCT/US2018/046400

CONFIGURABLE COOKING SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/544,757, entitled “CONFIGURABLE COOKING SYSTEMS AND
METHODS,” filed August 11, 2017; U.S. Provisional Patent Application No. 62/643,729,
entitled “CONFIGURABLE COOKING SYSTEMS AND METHODS,” filed March 15,
2018; and U.S. Provisional Patent Application No. 62/695,813, entitled “CONFIGURABLE
COOKING SYSTEMS AND METHODS,” filed July 9, 2018; each of which is incorporated
by reference herein in its entirety.
[0002] This application is related to U.S. Patent Application No. 15/490,768, entitled
“VARIABLE PEAK WAVELENGTH COOKING INSTRUMENT WITH SUPPORT
TRAY,” filed April 18, 2017, which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0003] Various embodiments relate to cooking systems, such as ovens.

BACKGROUND

[0004] The art of cooking remains an “art” at least partially because of the food industry’s
inability to help cooks to produce systematically award worthy dishes. To make a full course
meal, a cook often has to use multiple cooking appliances, understand the heating patterns of
the cooking appliances, and make dynamic decisions throughout the entire cooking process
based on the cook’s observation of the target food’s progression (e.g., transformation due to
cooking/heating). Because of this, while some low-end meals can be microwaved (e.g.,
microwavable meals) or quickly produced (e.g., instant noodles), traditionally, truly complex
meals (e.g., steak, kebabs, sophisticated dessert, etc.) cannot be easily produced
systematically using conventional cooking appliances. The industry has yet to create an
intelligent cooking system capable of automatically and consistently producing complex

meals with precision, speed, and lack of skilled human intervention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a block diagram illustrating an adaptive cooking system, in accordance
with various embodiments.
[0006] FIG. 2 is a block diagram illustrating functional components of an adaptive cooking
appliance and related systems, in accordance with various embodiments.
[0007] FIG. 3 is a block diagram illustrating a process for implementing an adaptive
cooking system, in accordance with various embodiments.
[0008] FIG. 4A is a block diagram illustrating a process for implementing an adaptive
cooking system, in accordance with various embodiments.
[0009] FIGs. 4B-G are example user interface screenshots for an adaptive cooking
appliance, in accordance with various embodiments.
[0010] FIG. 5 is a block diagram illustrating an adaptive cooking apparatus and user
device, in accordance with various embodiments.
[0011] FIG. 6 is a flowchart illustrating a method of operating an adaptive cooking
apparatus utilizing image feedback, in accordance with various embodiments.
[0012] FIG. 7 is a flowchart illustrating a method of operating an adaptive cooking
apparatus utilizing image and probe feedback, in accordance with various embodiments.
[0013] FIG. 8 is a block diagram illustrating a recipe generation process, in accordance
with various embodiments.
[0014] FIG. 9is a flowchart illustrating a method of operating a cooking appliance to cook
an edible substance in different modes, in accordance with various embodiments.
[0015] FIG. 10 is a block diagram of a server system that implements a cloud-based recipe
store, in accordance with various embodiments.
[0016] FIG. 11 is a control flow diagram illustrating an example of a recipe, in accordance
with various embodiments.
[0017] FIG. 12 is a flow diagram illustrating a method of operating a server system that
implements a cloud-based recipe store, in accordance with various embodiments.
[0018] FIG. 13 is a flow diagram illustrating a method of configuring a cooking appliance
with a recipe, in accordance with various embodiments.
[0019] FIGs. 14A-14F illustrates an exemplary oven user interface, in accordance with
various embodiments.
[0020] FIGs. 15A-C are example screenshots illustrating a “chef mode”, in accordance with

various embodiments.
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[0021] FIG. 16 1s a flow diagram illustrating a resource allocation method, in accordance
with various embodiments.

[0022] The figures depict various embodiments of this disclosure for purposes of
illustration only. One skilled in the art will readily recognize from the following discussion
that alternative embodiments of the structures and methods illustrated herein may be

employed without departing from the principles of embodiments described herein.

DETAILED DESCRIPTION
[0023] Several embodiments disclose an adaptive cooking appliance (e.g., an oven,
enclosed cooking chamber or otherwise) having one or more heating elements controlled by a
computing system (e.g., one or more of a computer processing unit (CPU), a controller,
application specific integrated circuit (ASIC), or other components enabling system control).
The computing system controls the operation of the adaptive cooking appliance, including the
peak emission wavelength of the heating elements. The computing system can implement an
interactive user interface to control or assist a user in controlling the adaptive cooking
appliance. The computing system can also adapt the operation of the adaptive cooking
appliance in accordance with manual user input, user preferences and/or learned user
behavior. For example, the interactive user interface can be implemented on a touchscreen of
the cooking appliance or a user device in communication with the adaptive cooking appliance
that 1s linked to user-specific information stored in an associated user account. In various
embodiments, the adaptive cooking appliance operates within a larger ecosystem linking the
user with meal kit providers, grocery stores, a user community, professional chef
recommendations and other services and functionality.
[0024] In various embodiments, the adaptive cooking appliance can instantiate and execute
a heat adjustment algorithm (e.g., also referred to as “heating logic” or “heating algorithm™)
for implementing a recipe. The heat adjustment algorithm may include a set of instructions
for configuring and controlling the operation of the cooking appliance adapted to the user
information. In some embodiments, the adaptive cooking appliance can directly emulate one
or more types of conventional cooking devices (e.g., an oven, a barbecue, a range, a
microwave, a smoker, or any combination thereof). In some embodiments, the adaptive
cooking appliance can download or receive (e.g., directly or indirectly) one or more recipes
from a computer server system, including cooking logic for implementing the recipe on the

cooking appliance.



WO 2019/033089 PCT/US2018/046400

[0025] The computer server system can include a recipe design interface allowing the
creation of recipes and the generation of cooking logic for the cooking appliance, including
directly specifying how the heating elements should operate to cook the edible substance
given one or more system resources (e.g., total power budget, current budget, and total
energy budget). For example, the recipe design interface can simulate time series plot of
temperature gradients of different food profiles (e.g., corresponding to different edible
substance). The recipe design interface can configure an emulation of a conventional cooking
device and translate that into a set of heating element configuration parameters for the
adaptive cooking appliance. In another example, the recipe design interface can specify
temperature, duration, intended cooking appliance emulation type (e.g., direct food roasting,
impingement convection cooking, heated tray cooking, searing, etc.), expected user
intervention (e.g., flipping the food or adding sauce or spices), operational modes (e.g., low
stress mode vs. high speed mode), desired end states of the food (e.g., rare, medium, well-
done for meat), or any combination thereof.

[0026] Referring to FIG. 1, an exemplary adaptive cooking system 100 will be described.
An adaptive cooking appliance 110 includes heating components 112, feedback components
114 and an adaptive cooking engine 116. The heating components 112 include controllable
heating elements, such as heated filaments. In various embodiments, the feedback
components 114 include one or more cameras, probes and sensors providing real-time
feedback during the cooking process. The cooking engine 116 executes cooking logic to
adaptively control the cooking of an edible substance, such as food, in accordance with a
recipe and information received from the feedback components.

[0027] The adaptive cooking appliance 110 is operated at a location 120, such as a user
residence. In various embodiments, a user device 130, smart appliance 134 and other system
components may be operated at location 120 or distributed across two or more locations,
allowing for remote operation of the cooking appliance (e.g., from a user’s car) through the
network 150. The user device 130 includes a client application 132 for interfacing with the
adaptive cooking appliance 110 and a recipe server 140. In various embodiments, the user
device 130 may include a mobile device such a mobile phone, tablet or laptop computer, a
desktop computer or other computing device adapted to communicate with the adaptive
cooking appliance 110 and/or recipe server 140 as described herein. In some embodiments, a
smart appliance 134, such as a refrigerator, may provide information to various system
components concerning ingredients available for various recipes. In operation, the adaptive

cooking appliance 110 may receive a recipe through a user interface of the cooking
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appliance, the client app 132 on the user device 130, the recipe server 140, or through another
device. The cooking engine 116 implements corresponding cooking logic for controlling the
heating components 112, while monitoring the feedback components 114 to adaptively
control the cooking process.

[0028] The adaptive cooking appliance 110 and user device 130 may connect to the recipe
server 140 through a network 150, such as the Internet. In one embodiment, the recipe server
140 is connected to a recipe database 142, which stores data associated with recipes and
cooking logic for implementation by the adaptive cooking appliance 110, a user database
144, which stores user-specific information, such as favorite recipes, end-user generated
recipes, user-specified preferences (e.g., a user may consider “medium rare” to be a few
degrees higher than a standard definition), learned user behavior and other user-specific
content. In various embodiments, user-specific information stored in the user database 144
includes information leamed from the user’s behavior. For example, the user database 144
may store information, based on other meals the user has cooked, that the user is likely to
want vegetables to be extra crispy. The user database 144 may also store information that the
user has a tendency to measure food height 10% lower than actual height, and/or tends to
improperly insert a probe into proteins in a particular way. This user-specific information
can be used, for example, by the cooking appliance to adapt the cooking logic to the address
the user’s deviations from the recipe.

[0029] In various embodiments, the recipe database 142 stores one or more recipes, food
characteristics, heating algorithms, sensor data, cooking logic or other related information. In
various embodiments, the recipe server 140 provides cloud-based recipe storage and access.
In some embodiments, the user device 130 can be connected to the cooking appliance 110 via
a wireless network, local area network, a peer to peer connection (e.g., Bluetooth), or another
communications protocol.

[0030] In various embodiments, the user database 144 stores information for users of the
adaptive cooking system, which may include user preferences, stored recipes, an
identification of adaptive cooking appliances 110 associated with the user, learned user
behavior, subscription information defining access rights based on paid subscription levels,
and/or other user-specific information. In one embodiment, a user may pay for a subscription
which provides the user with access to the newest recipes, meal kits, integrated grocery
services through one or more vendors 152, specialized content (such as special cooking
shows, or live social media events), early access to content, special functionality, discounts

and a white-glove service. In one embodiment, a vendor system 152 is connected to the



WO 2019/033089 PCT/US2018/046400

recipe server 140 through the network 150. A user operating the adaptive cooking appliance
110, a user device 130, or other networked device, may access content on the recipe server
140, including recipes and an online shopping option to purchase corresponding meal kits
(e.g., an aggregation of prepared ingredients, cooking supplies and/or instructions for
preparing a meal in accordance with a user skill level or preference), pre-prepped foods (e.g.,
uncooked food that has been prepared ready for oven cooking), ingredients, supplies, etc.,
from the vendor for delivery to the user location 120 or another specified location. Meal kits
and pre-pepped foods may also be purchased from brick-and-mortar grocery stores with
systems links to the cooking appliance and/or user account. In one or more embodiments, the
cooking appliance may be tied into a shopping option to recommend certain meal kits and
other items. In one embodiment, when the meal kits or ingredients are delivered, the vendor
system 152 may notify the recipe server 140, adaptive cooking appliance 110 or user device
130 that the delivery has arrived, and the recipe server 140 (or vendor system 152, user
device 130 or other system device) transmits the recipe and associated cooking logic to the
adaptive cooking appliance 110, allowing the user to cook the delivered meal kits or
ingredients in accordance with the corresponding recipe.

[0031] In various embodiments, the system 100 may also include a content provider 154
providing food-related content to the user, such as food-related videos, cooking instructions,
online articles, social media, recipes and other information associate with food. The content
provider 154 may include a link in the online content to the recipe server 140 and vendor
system 152, allowing the user to access a recipe associated with the content, and purchase
associated ingredients or meal kits for delivery. In some embodiments, instructional videos
can be provided during meal preparation to provide guidance to the user on meal preparation
(e.g.. how to measure food height, how to insert the probe). The user can be prompted to
watch an instructional video based on a determination (e.g., based on user-specific
information stored in the user database) that the instruction would help the user.

[0032] In various embodiments, the recipe server 140 provides various recipe browsing,
selection and configuration options. For example, the recipe server 140 may recommend
recipes based on available ingredients identified by the user or tracked by the system 100
(and based on user history and usage statistics) such as through a smart appliance 134 or
based on an order history from a vendor system 152. The user may also manually enter a
recipe to the recipe server 140 through the client application 132. In various embodiments,
the recipe server 140 and/or adaptive cooking appliance 110 are configured to convert the

recipe to oven-specific cooking instructions, including optimized food preparation
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instructions for the user and cooking logic for controlling the adaptive cooking appliance 110.
In one embodiment, the recipe and cooking logic may be configured for accelerated cooking
on the adaptive cooking appliance 110, shortening the cooking time as compared to
conventional cooking devices. In one embodiment, the recipe server also facilitates an online
community allowing users to share and develop recipes and other user generated content.
[0033] FIG. 2 illustrates functional components of an adaptive cooking appliance and
related systems, in accordance with various embodiments. The adaptive cooking appliance
200 may include cooking/feedback components 210, a controller 220, a memory 230,
communications interface 240, user interface components 250 and a power source 260. The
cooking/feedback components 210 may include one or more heating/cooling elements 212, a
camera 214 or other machine vision components, one or more probes 216, and a plurality of
sensors 218.

[0034] The controller 220 controls the operation of cooking appliance 200, including
executing various functional components, such as the components represented in memory
230. For example, the memory 230 can store program instructions for execution by the
controller 220, which may include an appliance operating system 232, user interface logic
234 and a cooking engine 270. The cooking engine 270 controls the cooking/feedback
components 210 through cooking logic to implement a recipe. In various embodiments, data
storage 276 stores configuration, recipe, cooking logic, food characterizations, and system
information, including image files or video files captured by the camera 214,

[0035] In one embodiment, the heating elements 212 are wavelength controllable. For
example, the heating elements 212 can include quartz tubes, each enclosing one or more
heating filaments. Because the operating temperature of the heating filaments can be
extremely high, cooling components may be provided to provide convection cooling to
prevent damage to the heating elements.

[0036] The camera 214 may include one or more optical or thermal cameras, or other
machine vision device, providing digital representations of the inside of the cooking
appliance 200. In one embodiment, the camera 214 in conjunction with a display provides a
virtual window to the inside of the chamber of the cooking appliance 200, which may be
windowless. In one embodiment, the camera includes a fish eye lens. In various
embodiments, the camera streams images to a display on the adaptive cooking appliance
(e.g., user interface components 250), to a client application 282 executing on a user device
280 (through communications interface 240) or to cooking engine 270 for analysis during

cooking. The camera 214 can serve as a food package label scanner that configures the
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cooking appliance 200 by recognizing a machine-readable optical label of the food packages.
In some embodiments, the camera 214 can provide the cooking engine 270 with a stream of
images , which can be analyzed for providing feedback during execution of the cooking logic
(e.g., to monitor a level of doneness). In several embodiments, the camera 214 includes a
light source which can illuminate the interior of the cooking appliance 200 such that the
camera 214 can capture an image of the food substance therein.

[0037] In one embodiment, the probe 216 may include a temperature probe that is inserted
into an edible substance to take temperature readings of the edible substance during cooking.
For example, the temperature probe can be a multipoint temperature probe sending multiple
streams (e.g., respectively corresponding to points along the length of the temperature probe)
of temperature readings to the cooking engine 270. In several embodiments, the probe is
electrically coupled to an interior surface of the oven through a connection adapted to receive
one or more signals corresponding to the temperature readings. The cooking engine 270 can
receive one or more continuous feeds of temperature readings from the temperature probe
216 via the connection interface. In these embodiments, the cooking engine 270 can
determine the temperature readings by analyzing/decoding the signals. In response to changes
to the temperature readings from the continuous feeds, the computing device can execute a
heat adjustment algorithm that is dynamically controlled by the cooking engine 270.

[0038] When the adaptive cooking appliance 200 is used to cook an edible substance,
cooking logic corresponding to a recipe is executed to control the cooking process. The
cooking logic may include a heating algorithm that specifies the heat adjustments for the
cooking engine to execute during cooking. In several embodiments, the cooking engine 270
is configured to detect a center of the edible substance such that the cooking engine 270 can
accurately assign a stream of temperature readings as corresponding to the center of the
edible substance. This enables the cooking engine to monitor the temperature gradients at
different portions of the edible substance and thus enables precise cooking methodologies. In
one example, the computing device can detect the center of the edible substance based on
user input of an insertion angle and/or an insertion depth of the temperature probe 216 and/or
the temperature readings from the continuous feeds. In another example, the exertion angle
and/or the insertion depth of the temperature probe 216 is specified by the heating recipe.
[0039] In some embodiments, a display of the cooking appliance can present the insertion
angle and the insertion depth to the user to have the user insert, according to those

specifications, the temperature probe 216 into the edible substance. In several embodiments,
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the connection interface is configured to mechanically couple to a portion of a food tray and
to communicate with a relay interface of the food tray to the controller 220.

[0040] In various embodiments, the cooking engine 270 may analyze images received from
the camera 214, and data received from probes 216, sensors 218 and other feedback devices
to enable dynamic control of the heating algorithm. The temperature probe 216 can extract
(e.g., harvest) power from the power supply 260 by harvesting power from capacitive
coupling to the AC current through the conductive chamber wall and the food tray. In turn,
the temperature probe 216 can utilize the harvested power to generate a wired electrical
signal, an audio signal, a radiofrequency signal, an inductive coupling signal, and/or a
capacitive coupling signal to the connection interface. For example, the signal can be
generated using one or more passive electronic components that produce different signals in
response to receiving electrical power at different temperature ranges. In one embodiment,
the probe includes temperature sensors and is configured for use in temperature gradient
detection.

[0041] The communications interface 240 facilitates communication between the cooking
appliance 200 and external computing devices. For example, the communications interface
240 can enable Wi-Fi (e.g., 802.11) or Bluetooth connections between the cooking appliance
200 and one or more local devices such as the user device 280 or a wireless router providing
network access to a remote server 290, such as through the Internet. In various embodiments,
the communications interface 240 can include other wired and wireless communications
components facilitating direct or indirect communications between the cooking appliance 200
and another device. In turn, the cooking appliance can have access to a cloud service over the
Internet connection.

[0042] The user interface components 250 may include a touchpad display, a keypad, one
or more buttons and other input/output components (e.g., a knob or dial for scrolling through
menu and recipe options, an audio microphone) to enable a user to directly interact with the
functional components of the cooking appliance 200. For example, the display can present
images from the camera 214. The display can also present a user interface implemented by
the controller 220 and user interface logic 234. Input components can include a touch panel
overlaid with a display (e.g., collectively as a touchscreen display). In some embodiments,
the input component is one or more mechanical buttons, switches, or capacitive sensing
devices. In some embodiments, the output component includes a speaker or one or more
external lights. Embodiments of an exemplary user interface are illustrated herein in FIGS.

14A-14F, described below. In various embodiments, the cooking appliance 200 is adapted to
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receive user input from a user interface provided through one or more of the user interface
components 250 physically coupled to the adaptive cooking appliance 200, and the user
device 280, which may be remotely connected to the adaptive cooking appliance 200. In one
embodiment, the adaptive cooking appliance 200 includes one or more features to prevent
unauthorized or inadvertent operation of the adaptive cooking appliance 200, such as
requiring a user to physically interact with a physical user interface component 250 that is
physically coupled to the adaptive cooking appliance 200 (e.g., by pressing a physical button
on the adaptive cooking appliance 200) in order to start a recipe/heating algorithm.

[0043] The cooking appliance 200 can implement an adaptive cooking engine 274, a data
store 276 and a recipe library 278. In some embodiments, the adaptive cooking engine 274
can execute cooking logic to analyze feedback components such as an image from the camera
214, probes 216 and sensors 218. For example, an oven configuration such as the position of
shelves within the oven or the oven door being open or closed can be determined through
feedback from one or more sensors 218 or feedback from the camera 214. In some
embodiments, the sensors 218 include one or more of a plurality of temperature sensors, a
plurality of power output sensors, an ambient light sensor, a door open sensor, a rack
placement sensor and other sensors providing feedback during cooking operations. In one
embodiment, images from the camera 214 may be analyzed to dynamically adjust the
cooking algorithm to eliminate potentially harmful blackening and smoke generated from
overcooked meat fats. In another embodiment, the image from a camera may be illuminated
by a specific color of a specific light source when facing toward an interior of the cooking
appliance 200.

[0044] In some embodiments, the adaptive cooking engine 275 is configured to analyze an
image from the camera to determine whether a machine-readable optical label is within the
image. For example, the adaptive cooking engine 274 can be configured to select a recipe
from the recipe library 278 based on the machine-readable optical label and implement
corresponding cooking logic. In some embodiments, the communications interface 240 is
configured to send a message to the user 280 to confirm the automatically selected recipe. In
some embodiments, the adaptive cooking engine 274 is configured to present the recipe to the
user on a local display and to receive confirmation via a local input component when the
recipe is displayed. In response to the selection of the recipe, the adaptive cooking engine can
execute cooking logic by controlling the heating elements according to the heating algorithm.
[0045] The user device 280, such as a mobile device, can connect to the adaptive cooking

appliance 200 through the user interface components 250. For example, the user device 280
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(e.g., a computer or a mobile device) can configure the cooking appliance 200 in real time
through user interface logic 234. In one example, the user can select a recipe via the client
application 282 running on the user device 280, and the client application 282 can
communicate through the user interface logic 234 to cause the cooking appliance 200 to
execute the corresponding cooking logic. The client application 282 also includes an interface
with the cooking appliance 200, which may include casting the recipe for any meal the user
buys or any recipe the user saves to the cooking appliance 200, making the cooking appliance
ready to cook the recipe with the push of a button. The communications interface 240 can
also enable the cooking appliance 200 to access network services, such as cloud services
available from recipe server 290, to facilitate execution of cooking logic from the recipe
database 292. User account information, preferences, recipe history, meal kit order history
and other user functionality may be facilitated through use of the user database 294.

[0046] Components (e.g., physical or functional) associated with the cooking appliance 200
can be implemented as devices, modules, circuitry, firmware, software, or other functional
instructions. For example, the functional components can be implemented across one or more
components in the form of special-purpose circuitry, in the form of one or more appropriately
programmed processors, a single board chip, a field programmable gate array, a network-
capable computing device, a virtual machine, a cloud computing environment, or any
combination thereof. For example, the functional components described can be implemented
as instructions on a tangible storage memory capable of being executed by a processor or
other integrated circuit chip. The tangible storage memory may be volatile or non-volatile
memory. In some embodiments, the volatile memory may be considered “non-transitory” in
the sense that it is not a transitory signal. Memory space and storages described in the figures
can be implemented with the tangible storage memory as well, including volatile or non-
volatile memory.

[0047] Each of the components may operate individually and independently of other
components. Some or all of the components may be executed on the same host device or on
separate devices. The separate devices can be coupled through one or more communication
channels (e.g., wireless or wired channel) to coordinate their operations. Some or all of the
components may be combined as one component. A single component may be divided into
sub-components, each sub-component performing separate method step or method steps of
the single component.

[0048] In some embodiments, at least some of the components share access to a memory

space. For example, one component may access data accessed by or transformed by another
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component. The components may be considered “coupled” to one another if they share a
physical connection or a virtual connection, directly or indirectly, allowing data accessed or
modified by one component to be accessed in another component. In some embodiments, at
least some of the components can be upgraded or modified remotely (e.g., by reconfiguring
executable instructions that implements a portion of the functional components). The
systems, engines, or devices described herein may include additional, fewer, or different
components for various applications.

[0049] In one embodiment, the cooking engine optimizes the oven operation in accordance
with various user objectives (e.g. objectives for sear level, doneness or internal temperature,
juiciness, internal moisture content), which may include cooking the best quality meal,
reducing cooking time, and cooking multiple meals at once. Using the various components of
the cooking appliance 200, the cooking engine identifies the current state of the cooking and
adjusts the cooking parameters to reach a future state in terms of temperature, moisture
content, shape and surface flavor and texture.

[0050] The power source 260 provides the power necessary to operate the physical
components of the cooking appliance 200. For example, the power source 260 can convert
alternating current (AC) power to direct current (DC) power for the physical components or
deliver AC directly. In some embodiments, the power source 260 can run a first powertrain to
heating elements 212 and a second powertrain to the other components.

[0051] Referring to FIG. 3, a block diagram illustrating a process for implementing an
adaptive cooking system, in accordance with various embodiments, will now be described. In
step 302, an initial set of recipe data is created for the system using an oven test environment
304 which may include the components of cooking appliance 200, recipe server 140 and user
device 280. The test environment 304 may include functional components including an
adaptive cooking engine 306, thermal physics 308, food characterization algorithms 310,
algorithms 312 and a recipe compiler 314. The system includes a database 316 for compiling
recipe, sensor, food characterization and other data. The recipes may include pre-existing
recipes or specialized recipes developed for the adaptive cooking appliance 200. In some
embodiments, the user can select a recipe that’s conventional (e.g. bake at 400 degrees for 30
minutes) or one that’s end-based (e.g., cook until medium-rare with heavy sear). In one
embodiment, the recipes are developed and tested by professional chefs who define basic
food characterizations for use in multiple recipes (e.g., chicken cut to a certain weight and
shape) and test various cooking parameters such as cooking temperature, time and results.

The food characterizations and test information is stored in the database 316. The food

12



WO 2019/033089 PCT/US2018/046400

characterization parameters may include type of food, cut of food, size, shape and cooking
temperature, sensor data during cooking, and various other cooking parameters. In one
embodiment, the food characterization includes a heat algorithm for controlling the adaptive
cooking appliance to properly cook the identified food.

[0052] Next, in step 320, cooking models are generated defining the operation of the
adaptive cooking appliance 200 for various recipes comprising one or more food
characterizations. The cooking models may include a range of acceptable cooking
parameters, including cooking temperatures, time, sensor, and probe and image data for
proper cooking. This information is compiled to create cooking logic which is provided to the
cooking appliances. In step 330, the cooking models are used by the chefs to generate new
recipes. For example a food characterization for chicken may be used in various chicken
recipes. The system then generates recipes and adaptive cooking logic for further testing and
verification. The verified recipes are then stored in network accessible storage for access by a
user of an adaptive cooking appliance through a recipe server, which may be accessible
through cloud or Internet services. The content generation procedures 340 may be repeated at
various times during the life of the adaptive cooking appliance and related systems. In
various embodiments, in step 350 a user accesses the recipe server and selects a recipe as
described herein, for example, by selecting a recipe, inputting a new recipe or ordering a meal
kit with an associated recipe. In step 352, a cooking appliance receives the recipe and
corresponding cooking logic which may be started by the user in step 354 to cook a recipe. In
various embodiments, the recipe and cooking logic may depend on preferences input by a
user and parameters stored by the adaptive cooking appliance representing learned user
behavior. For example, the user may select a single-item cook with desired end-state
parameters selected by the user, multi-item cook with such end-state parameters selected,
double-decker cook for cooking on multiple oven levels with such parameters selected, a one-
stop-shop “cook this™ recipe for a pre-designed meal kit, a conventional cook process with a
selected process such as bake/roast/broil selected, or acceleration. The cooking appliance
follows the heating algorithm from the recipe and tracks temperature, sensor, user data and
other information during the cooking process. After the recipe is complete, the user may
perform additional manual operations (e.g., additional cooking to achieve a desired level of
doneness), discard the recipe, save the recipe, or provide other user initiated feedback. In
various embodiments, selected data accumulated during the cooking process may be
uploaded to the recipe server for further processing. In one embodiment, the recipe is stored

for the user in cooking appliance after adjusting for user feedback and deviations in the
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sensor data, image and other tracked information as compared to the initial cooking model. In
one embodiment, the tracked system feedback information includes images from a camera,
and results of image analysis during cooking. In some embodiments, the accumulated data
includes data about the food including properties before, during and after the cook, the source
of the food, used-inputted feedback during or after the cook, user-related parameters such as
how the probe was inserted (e.g., angle, depth), how certain edible substances were cut (e.g.,
relatively smaller or larger than a one-inch dice), and/or other tracked information (and the
relations between two or more data items).

[0053] In various embodiments, the user subscribes to a recipe service which includes
prepackaged meals or grocery delivery service. For example, the user may pay a small
monthly subscription fee and then purchase individual meal kits or groceries online. A vendor
may prepare a meal kit with fresh ingredients and in accordance with an associated recipe.
The vendor may track the delivery and download the recipe and cooking logic to the adaptive
cooking appliance after the meal kit arrives. The user may then place the meal kit in the
cooking device and select the recipe for cooking. In one embodiment, the recipe appears on a
display of the cooking device (e.g., prominently displayed as a suggested recipe at the top of
the home screen) when meal kits arrive at the user location. In another embodiment, the
camera of the cooking device images the meal kit as it is placed in the cooking device and
identifies the associated recipe and cooking logic. These approaches allow the user to cook a
fresh meal with the push of a single button to activate the cooking logic. In another
embodiment, the user selects one or more recipes and a vendor selects optimal ingredients for
delivery to the user for the selected recipes. The cooking appliance receives the recipes,
which include preparation instructions for the user and automated cooking logic for the
cooking appliance. In some embodiments, the recipe service, cooking appliance and/or other
device tracks user data and makes meal kit and/or grocery recommendations based on user
preferences and usage statistics. For example, the recipe service might offer a particular
species of salmon because the user likes salmon that tastes relatively more well done when
brought to a particular internal temperature.

[0054] Referring to FIG. 4A, an exemplary subscription model will be further described. A
user, through a user device 402, subscribes to a recipe service, which may include discounts,
early access to new recipes, meal kit delivery and online grocery integration. In various
embodiments, one or more subscription options may include other features such as free
shipping, expedited shipping, enhanced functionality on the oven (i.e. functions that are

available only to subscribers), access to special content (cooking videos, local events,
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parties), and early access to content. In one embodiment, a subscription feature may include
automatic casting of recipes to the oven (e.g., recipes corresponding to food and other recipe-
related items ordered from a vendor) and special recommendations based on user-specific
information.

[0055] Meal kit provider 420 prepares meals in accordance with one or more recipes
available in a recipe database 412. In various embodiments, a meal kit may include an
aggregation of ingredients (e.g., raw ingredients for meal preparation; pre-prepped
ingredients ready to cook), cooking supplies and/or instructions for preparing a meal in
accordance with a user skill level or preference. In one embodiment, meal kit providers 420
prepare meal kits for existing recipes. In other embodiments, meal kit providers (e.g., a
restaurant) may also provide meal kits for proprietary recipes in accordance with the
provider’s food options. A meal kit provider 420 may be, for example, a standalone business,
a restaurant offering takeout meals, or a grocery store. The meal kit provider 420 may be a
third party business, or a food preparation service associated with or provided by the same
entity that operates the recipe server 410. In one embodiment, the meal kit provider 420 may
access the recipe server 410 through a web interface and associate a meal kit with recipe
options.

[0056] The user may have an associated user account and a cooking appliance with an
identifier that are associated through a user database 426 of the recipe server 410. In
operation, the user accesses the recipe server 410 through the user interface of the cooking
appliance 440 or the client application 404 on the user device 402. The client application 404
includes a login screen 406 for logging into the user’s subscription account. The user may
then browse recipes 408, identify source ingredients for selected recipes 410 and order food
414 through a provider, such as meal kit provider 420 and online grocery provider 422, who
deliver uncooked food for the selected recipe to a location associated with the cooking
appliance 440. In one embodiment, the recipe appears on the screen along with options from
providers for meal kits or groceries. The providers 420 and 422 track delivery of the order to
the cooking appliance location and notify the recipe server 410 to download the recipe and
corresponding cooking logic after the order is received. In another embodiment, the recipe
and cooking logic may be available from the client application on the user device, such as
through the user’s stored recipes 416, and the recipe may be cast to the oven through an oven
interface 418. In various embodiments, the user may order a meal kit for pickup at a provider
location, and the corresponding recipe and cooking logic may be cast to the cooking

appliance after the user receives the order from the provider. In some embodiments, the user
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may access the recipe server 410, meal kit provider 420, and online grocery providers 422,
through a user interface of the cooking appliance 440 to implement online shopping functions
as described herein.

[0057] In one embodiment, a user may select a plurality of recipes from the recipe server
410, such as a meal plan for the week, and the online grocery provider 422 may aggregate the
necessary ingredients, including food prepared and cut to the desired proportions, in
accordance with optimal food characteristics, and prepare and deliver the order as described
herein. The selected recipes and cooking logic are then available to the cooking appliance and
through the client application. In another embodiment, available ingredients may be provided
to the recipe server 410, which identifies recipes based on available ingredients, user
preferences and other user-specific information. The system may also integrate with smart
devices, such as smart refrigerator, which provides the current food options to the recipe
server for recipe selection.

[0058] In one embodiment, a premium food service is provided. Professional chefs create
recipes specifically for the cooking appliance using controlled portions of ingredients
available through one or more providers. The recipes are tested and optimized as described
herein for professional quality cooking and a fast cooking option is available which may
increase the cooking speed, such as cooking in 1/3 to 1/8 the time of a conventional oven.
The providers provide quality ingredients specifically prepared for each recipe. In this
manner, the recipe may be reproduced accurately by different users, with different skills, in
different regions. The provider may deliver the ingredients fresh to the user’s door according
to a delivery schedule, such as delivery within 2 days of ordering. In one embodiment, the
ingredients or meal kits will arrive with instructions for the user and cooking logic previously
downloaded to the oven. In this manner, chef quality meals can be reproduced by novice
users with little effort. The quality of the ingredients may be controlled and the system
described herein produces simple, easy to follow instructions for the user.

[0059] In various embodiments, the user may order a meal kit through a user interface
associated with the cooking appliance (e.g., a touchscreen interface, voice controlled
interface, an interface through a communicably connected mobile device, etc.). The cooking
appliance may be linked to one or more user accounts through one or more servers (e.g.,
recipe server 410 of FIG. 4A). After a user purchases a meal kit through (or associated with)
the user account, the corresponding recipe and cooking algorithm may be automatically
transmitted to the cooking appliance. In various embodiments, the cooking appliance may

further tie user-related and cooking-related information (e.g., food and cooking environment
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initial data, food and cooking environment throughout the cook, user assessments of cooking
outcomes through a user feedback interface such as illustrated in FIG. 4G, etc.) to a particular
user account via a user account, email, credit card or other user identifier.

[0060] In some embodiments, a user may desire to cook a particular ingredient (e.g., from a
particular supplier/partner and/or independently acquired by the user) or meal to achieve a
desired result. For example, the user may acquire a meal kit from an online marketplace or
recipe store (e.g., via the user interface on the cooking appliance, via an app on a mobile
device, through a web browser) or via a grocery store (e.g., using a frequent shopper card on
a system linked to the cooking appliance through a communications network). The user may
order the food while logged into a user account associated with the cooking appliance,
allowing the meal kit contents and recipes to be downloaded to the cooking appliance for the
user. A frequent shopper card associated with a physical or online store may be associated
with a third party store account that could be linked to an account associated with the user’s
cooking appliance. For example, the user may have a subscription account that automatically
downloads food purchases to the user’s cooking appliance. The subscription account could
link to third party account services associated with the user (e.g., grocery store) to provide
meal kit information or other food purchase information to the cooking appliance and other
benefits to the user (e.g., subscriber benefits).

[0061] In some embodiments, a recipe, cooking algorithm, and user-specific information
associated with the meal kit may be downloaded to the cooking appliance. User-specific
information may include user preference information including recipe preferences selected by
the user (e.g., cook a meat medium rare) and/or stored parameters based on past user
experiences or settings. For example, a user may order a meal kit and execute a recipe to
cook a meat medium rare, but then determine that the cooked meat was too rare and instruct
the cooking appliance, post-cook, to cook the meat for longer. The user may also “touch up”
cooked meat to add additional searing. User interactions received by the cooking applicant
before, during and after the cook that deviate from the meal kit recipe may be stored as user
preferences and applied to the next execution of the recipe with the meal kit or similar meal
kits (e.g., another meal kit including the same meat). For example, after cooking the meal kit,
the user may be prompted to provide feedback to the cooking appliance through a user
interface, such as the user interface feedback screens presented in FIG. 4G, which prompts
the user to give a rating and other feedback.

[0062] In various embodiments, the meal kit recipe information and settings may be

accessible through a user interface on the cooking appliance. The user interface may also
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guide the user to prepare the meal kit in a particular way before placement in the chamber of
the cooking appliance. Example screen shots of a user interface for facilitating various
aspects of the present disclosure are illustrated in FIGs. 4B-G. Similar interfaces may be
presented to the user for other, non-meal kit, cooking scenarios, such as cooking ingredients
that the user picked up at alocal farmer’s market.

[0063] In one embodiment, the user interface provides meal kit information in a prominent
location allowing the user to select the meal kit and execute the recipe. For example, as
illustrated in the embodiment of FIG. 4B, a user may sign into a user interface of the cooking
appliance (e.g., screen 450) to link the cooking appliance to the user’s account. The user
interface may then provide user specific data such as meal kits ordered 454, recent recipes
455 cooked by the user on a cooking appliance, bookmarked recipes 456 of interest,
recommendations for new recipes 457, and other information such as a date/time when the
meal kit is expected to arrive via delivery, frequently cooked recipes and preferences,
identification of the person/people each meal kit or recipe is intended to feed and their
individual preferences such as level of doneness and sear.

[0064] A meal kit may include a collection of groceries or foods that are combined into the
proper amounts and ratios to create a convenient and appealing meal for the user with less
food preparation than conventional meal preparation techniques. However, many users will
choose to use the cooking appliance and meal kit functionality by preparing their own
ingredients. The contents of the meal kit can be communicated to the user via a recipe.
However, a user may find it convenient to substitute different ingredients in the otherwise
well specified meal kit or recipe is necessary. For example, a meal kit may include filet
mignon with broccoli and potatoes, and a user may replace the broccoli with green beans,
which has different thermal and cooking properties. In some embodiments, a known recipe,
such as a meal kit recipe, can be cloned via a user interface and modified slightly to
accommodate different meal preferences. In some embodiments the user may be prompted to
input changes to the recipe through the user interface. The recipe generator could then adapt
the recipe for the changing conditions. For example, if broccoli is substitute out for green
beans, the green beans would typically require less heat in order to properly cook (and not
burn) the green beans. In one embodiment, the user can clone the entire recipe of fillet
mignon broccoli and potatoes, and the cooking engine can adjust the cooking zone in which
the broccoli is placed in order to accommodate the green beans without negatively impacting

the remaining food items.
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[0065] In various embodiments, recommended recipes 455 (e.g., chef’s picks) may be
determined based on one or more of user preferences, information gathered from the user’s
prior cooks, usage statistics and ratings of similar users, user preferences and ratings
associated with the user’s past cooks, and/or other data tracked by the cooking appliance
and/or user accounts. In some embodiments, recipe suggestions might also take into account
the user’s geographic location (e.g. based on preferences of users in a particular geography),
which location may be determined through IP address determination, user delivery address,
an address associated with the user account, point-of-sale location, GPS, or through other
means.

[0066] After the user selects the meal kit (or a recipe using user-procured ingredients) for
cooking on the cooking appliance, the user may be prompted by the user interface on the
steps to be completed by the user to prepare the meal. An example embodiment of a user
interface will now be described with reference to the screen shots of FIG. 4C. In this
embodiment, the user is prompted to take certain actions that determine certain properties of
the food or cooking environment. For example, the user may be prompted to measure the
height of the protein or other edible substances that are to be cooked to configure the heating
algorithm for a desired result. A measurement indicator or reference object associated with
the meal kit or cooking appliance may assist the user in providing information on the food
properties.

[0067] For example, as illustrated in the screen shots of FIG. 4C, the user may be prompted
(screen 460) to use a temperature probe (such as the temperature probe used to measure
internal temperature of edible substances during the cook) to measure the height of the
protein (e.g., chicken). In various embodiments, the temperature probe may include a pointed
/ lance portion that has certain markings or colorings that could assist with height
measurement. The user may then be prompted to enter the measured height, such as by
entering a numerical measurement or indicating the height graphically (such as by moving a
graphical slider 461 to an appropriate location on the probe displayed on screen 462). In
various embodiments, the cooking algorithm may be adapted based on a detected height of
the edible substance and other known food properties. The user interface may further include
graphical, audio, and/or video prompts and information so the user can conveniently enter
food properties (e.g., the height of the food) in a straightforward manner even if the user has
no prior knowledge about measuring food for cooking, or if the user has had difficulty

accurately measuring height in the past.
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[0068] In various embodiments, the cooking appliance can determine whether the user has
had height measurement difficulty in prior recipes, and what kind of difficulty the user has
had (e.g. over or under-estimating height, and the statistics associated with each) by
determining, for example, whether the food under-seared or over-seared during the cook. In
this manner, the oven learns about user behavior and determines user-related parameters that
can be stored and used for future cooks (for example, by adjusting the cooking logic to
account for a user’s likely mis-measurement).

[0069] The user may also be prompted to place the food items on a certain location on a
tray and how and where to insert a temperature probe (such as a multi-point temperature
probe) into the protein or other edible substance (screen 464). The user interface may further
provide prompts to customize the meal (screen 465), instructions on where to place the food
tray in the oven (screen 466) and when to start the cook (screen 468).

[0070] In various embodiments, the cooking appliance may include one or more processes
that, alone and/or together, may be configured to learn and adapt the operation of the cooking
appliance to the characteristics of the ingredients, user, and environment. For example, the
cooking appliance and/or recipe may include initial configurations that may be updated
throughout and/or after the cook based on sensed, calculated and/or user supplied information
(e.g., food and cooking environment data throughout the cook, user assessments of cooking
outcomes, etc.) that is used to adapt the operation of the cooking appliance to achieve one or
more desired cooking outcomes. In some embodiments, multiple adaptive processes are
utilized in conjunction with a robust user ecosystem to achieve cooking results that far exceed
conventional cooking methods in terms of speed and quality—particularly when executed by
inexperienced cooks.

[0071] In addition, the cooking appliance may determine certain data about the food or
cooking environment without direct user input. For example, the cooking appliance may
include one or more sensors that provide feedback to validate the type of tray being used
(e.g., correct material, size and shape) and/or the position of the tray in the cooking appliance
(e.g., top shelf vs. bottom shelf.) The cooking appliance may then provide feedback to the
user prompting the user to change the tray position, change a probe position or other changes
to produce an optimal cooking environment. For example, a certain probe orientation (e.g.
horizontally oriented parallel to the plane of the cooking tray) may be desired for optimal
tracking of temperature changes during cooking, and the probe may be equipped with certain
hardware/software (e.g., an accelerometer and associated software) to determine the probe

orientation.
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[0072] The user may be prompted via a user interface (e.g., touchscreen, audio feedback) of
suggested and/or mandatory corrections to optimize the cooking environment for food
properties, the chosen recipe and user preferences. Feedback may indicate, for example, that
the tray position and/or probe insertion are incorrect or non-optimal, and the user may be
advised to modify such position or orientation. In various embodiments, the cooking
appliance may also provide the user with instructional audio tracks, graphics and/or videos
via the user interface to explain or demonstrate how to change tray position, properly orient
the probe, or even how to properly prepare the food and place it on the tray (e.g., size to cut
vegetables, whether to stack or spread out certain edible substances on the tray, where to
position the food, etc.). For example, FIG. 4D shows various user interface screen shots for
user food placement of eggs in an egg tray (screen 470), flood placement of meal items for
multi-zone cooking (screen 472), instructions on determining the height of certain foods
(screen 474) and tray location in the cooking appliance (screen 476).

[0073] The cooking appliance may also adapt the cooking algorithm or instruction based on
other information about the food, for instance the grocery store, distributor, wholesaler or
producer of the food item. Source-related information may be transmitted to the oven via
direct user input, by having the oven scan barcodes or food IDs, by tracking food purchased
by the user, or via other means. The cooking appliance may include a database that stores
data about food from these sources and may optimize recipes based on data gathered about
how this food (or similar foods) cooked when executing a current or similar recipes. The
food-related data may also include user feedback about how the food item cooked in the
recipe. The cooking appliance, a recipe server other processing system may track food,
recipe and user information to learn from the gathered data and adjust future cooks to
produce desirable results. Supply chain and marketplace offerings can also be optimized
based on characteristics of the food and users (food and cooking environment initial
condition data, food and cooking environment data throughout the cook, user assessments of
cooking outcomes, etc.).

[0074] Although the cooking appliance may instruct the user to correct identified errors in
the environment, the cooking appliance does not require perfect execution of the recipe to
produce a desirable result. In various the embodiments, the cooking appliance may adjust the
cooking algorithm to adapt to learned or detected user behavior. The cooking appliance may
learn over time that a particular user tends to deviate from the perfect cooking environment,
such as a user that prepares and/or arranges food in a certain way that differs from the recipe,

consistently orients a probe incorrectly in the food, and other detected changes. The cooking
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appliance may use this learned behavior to adjust the recipe based on the learned behavior to
still achieve a desirable cook given the changed environmental conditions. For example, the
cooking appliance might learn that the user inserts the probe in such a manner that typically
offsets the lowest temperature reading a certain number of millimeters away from the point in
the food that would have the lowest temperature throughout the cook (e.g., by inserting the
probe too far or not far enough into a protein), and the cooking appliance would then
anticipate that the sensor would read a certain number of degrees higher than it would read if
properly oriented. The cooking appliance may then cook the food to a point at which this
probe reads a temperature that is a number of degrees higher than the end temperature.

[0075] In another example of learned behavior, the cooking appliance may learn that a user
tends to “over-rest” a meal after the recipe has completed cooking (e.g., the user cuts into the
food later than recommended, such that the post-cook temperature flow within the food raises
the center temperature beyond the desired level of doneness), and the cooking appliance may
alter the recipe to increase the amount of time post-cook that the center of the protein will
remain in the desired temperature regime, thus giving the user a longer window in which to
cut into the food. The user interaction during the rest phase may be guided by a user
interface that displays to the user via a touchscreen, or communicates to a user via audio, how
long the food should rest before it will hit the desired temperature, and how much time the
user will have available to cut into the food once it hits that temperature before the
temperature rises to a temperature beyond the desired doneness level (see, e.g., FIG. 14B).
Thus, the cooking appliance may assess user behavior and take appropriate actions (e.g.,
modifying how the oven prompts the user to cut into the food, such as by generating a louder
or different auditory indication), using a multivariate learning environment based on a
number of factors available to the cooking appliance, including sensed data (e.g., user
placement of tray or probe), user preferences, food properties (e.g., food type, height,
arrangement) and user interactions tracked through a user interface. The cooking appliance
can determine whether the user is learning and adapting to the instructions over time, whether
certain assessments are individual events and/or whether the user assessment suggests a
historical trend, and adjust the recipe accordingly. In one or more embodiments, the learning
environment is a neural network trained to adapt a cooking algorithm in response to various
environmental conditions before, during and after cook.

[0076] In various embodiments, the user-generated recipes may be input and adapted in a
variety of manners. In one embodiment, the user may take an existing recipe and meal kit

and make changes to the ingredients, preparation and cooking time/desired results. FIG. 4E
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shows example user interface screens that may be presented to a user including a detailed
summary of a meal kit recipe, downloaded recipe, user-entered recipe or other recipe (screen
480) and a screen prompting the user to enter changes to the recipe made by the user (screen
482). The cooking appliance can analyze the changes entered by the user and modify the
cook to achieve the desired result.

[0077] In some embodiments, the user may build a recipe from scratch. Referring to FIG.
4F, the cooking appliance may include user interface components configured to guide the
user through the process, allowing the user to input a recipe and food properties in as much
detail as available. The cooking appliance and/or a server may identify a related recipe
and/or cooking parameters for the food types selected by the user, and generate a basic
cooking algorithm associated with the recipe, which may then be further adapted based on
food properties, environmental properties, user preferences, user feedback, and other
available information. An example user interface for collecting user feedback in accordance
with one or more embodiments is illustrated in FIG. 4G. The adapted recipe may then be
automatically adjusted each time the user execute the recipe to achieve the desired cooking
result. In this manner, a failed attempt to cook a new recipe will be automatically corrected
the next time the user attempts to cook the recipe, with instructions and further adaptations as
discussed herein. It will be appreciated that the cooking appliance of the present disclosure
may produce a recipe in less time and effort than conventional approaches.

[0078] Referring to FIG. 4F, example user interface screens for single ingredient cooking
are shown. The user may be prompted to select the ingredient (screen 483) and a type of the
selected ingredient (screen 484), and the cooking appliance automatically selects an
appropriate heating algorithm as described herein. The user may then be prompted to select a
cut of the selected food (screen 486), and identify where the food should be placed on the tray
(screen 487). During the process, the cooking appliance prompts the user for information for
optimizing the recipe and cooking algorithm, such as the height of the protein (screen 488),
placement of a probe into the protein (screen 489) and placement of the tray in the cooking
appliance 490. The user may also chose to enter a “chef mode™ which provides more detailed
control over the recipe creation that may not be available through the basic user interface
prompts.

[0079] Based on user preferences, similar recipes, properties of the basic food ingredients,
and other available data, the cooking appliance may prompt/suggest to the user to adjust the
food dimensions, cooking times and other aspects of the new recipe. The cooking appliance

may track the cooking through various sensors and user feedback allowing an unsuccessful
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recipe to be corrected automatically during the cooking, and further improved for the next
cooking attempt. If the user does not like the result, the cooking appliance can automatically
adjust the recipe and/or suggest changes to the user. As disclosed herein, the cooking
appliance can produce desirable results even if a poor quality recipe is executed. In various
embodiments, corrections/adaptations can be applied on the next cook to quickly produce
desirable results, even from poor quality recipes.

[0080] It will be appreciated that a chef who doesn’t follow directions as stated and who
attempts to cook a using an incorrect recipe, may still produce a good result using the
cooking appliance of the present application. In various embodiments, user-generated recipes
may include suggestions of recipes that are similar to the recipe entered by the user, liked by
the most users and/or liked by users who have similar profiles to the user of the cooking
appliance. The user interface may also analyze certain information about user-generated
recipes to make suggestions to users about how to create new recipe content — for example,
popular templates of heating logics to base certain recipes or portions of recipes on.

[0081] In various embodiments, the cooking appliance generates heat using multispectral
light based heaters. Such heaters are relatively sensitive to the geometry of food and various
food properties such as food-specific heat capacity and moisture content. Knowledge of the
food properties and location in the over allows heating algorithms to be adjusted to provide
improved cooking outcomes. In some embodiments, the food height is determined, in part,
using an identifier (“ID”) of the food and food source. The food identifier may be associated
with a meal kit, a food brand or other identifier that may be stored to track cooking properties
of the edible substance, allowing such properties to be incorporated into the recipe and
cooking algorithm. In one approach, an identifier such as a bar code, of the meal kit or food
source may be used to identify expected food properties. The particular properties of the
edible substance would then be associated with the cooking appliance, user or database
communicably coupled to the cooking appliance. The particular food properties could include
expiration date, geometry, height, specific heat capacity, weight, surface infrared absorption
properties, moisture content, recommended recipes, and/or images of the food matter or its
plated form after cooks or images of recommended recipes.

[0082] When a user substitutes ingredients it changes not only the properties of the food,
but the proximity of the ingredients to the heating elements. If the user’s selected food is
unknown to the cooking appliance, then the food may be improperly cooked. A cooking
appliance can produce a more accurate cooking result by accounting for the height of the

food and other geometric considerations. The error rate of a manually entered the food height
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profile, however, may be incredibly high. In some embodiments, the height of the food can
be entered by using automated height measurement systems such as LiDAR, stereo vision,
and/or other technologies.

[0083] The cooking appliance may have access to the food ID, which allows the cooking
device to access properties of the food item. In some embodiments, if the food identifier is
unknown, known properties may be identified by the user, which may include measuring the
food using a probe, imaging the food, allowing the cooking appliance and/or an online server
to identify the food or another food having similar properties. The associated heating
algorithms may then be applied to the recipe based on the expected properties of the food.
[0084] Tt will be appreciated that conventional ovens don’t operate based on knowledge of
the food matter being cooked as disclosed herein. The user experience of the present
disclosure guides the user to a desired outcome regardless of cooking experience and
ingredients, even if the food not optimally prepared or sourced. For example, Brussels sprouts
can be as large as a small fist, or as small as a thumbnail, and the desired heating algorithm
will change depending on the properties of the Brussels sprouts used in the recipe. In various
embodiments, the cooking appliance knows the approximate size of the batch of Brussels
sprouts and is able to lightly brown and bring out a desired (or “best”) taste of the Brussels
sprouts in accordance with the recipe. In some embodiments, the cooking appliance can
adjust to the expected food properties with or without using other advanced sensing systems,
such as a camera, capable of determining the doneness of Brussels sprouts. The user does not
always need to specify the type of Brussels sprouts and the average diameter (e.g., 0.7
inches), but can rely on the information already in the cooking appliance and related systems
based on an identifier of the food and user account at the point of sale.

[0085] In various embodiments, prior knowledge about a food being cooked allows the
cooking device to more accurately estimate cooking time. The amount of energy expended to
bring the center temperature of the food to a desired temperature can vary by orders of
magnitude depending on the surface to volume ratio of the food. For example, the cooking
times for fingerling potatoes versus large potatoes may vary greatly and heating methods that
may be used to generate high quality meals may also vary greatly.

[0086] For some food items, it may be difficult to create a unique ID that associates
particular food items at the point of sale. For example, if a user were to buy food items from
grocery store instead of online, obtaining a food identifier may be difficult if the grocery store
isn’t connected to the cooking appliance and/or user account. In those particular cases, the

system may use the user’s credit card number or other unique billing-related identifiers in
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combination with the list of items purchased, in combination with time of purchase to allow
the cooking appliance to determine the specific properties of food. For example, if a user
purchases organic Brussels sprouts, fingerling potatoes, and purple corn at 10 AM using the
user’s credit card, a correlation system can associate the credit card with a user account and
the items purchased, which may have a unique food identifier.

[0087] In various embodiments, the cooking device can determine the food parameters
from a food identifier, purchase date and location and other available information. The food
parameters may include information such as geometry, moisture content, and recommended
recipes for the food items recently purchased. The user interface allows the user to choose a
suggested recipe, select an existing recipe or enter a new recipe. The recommended recipes
presented to the user may be selected to prioritize ingredients that have recently been
purchased and their associated recipes. The recommended recipes may be further prioritized
by incorporating the user’s preferences and activity history, such as through statistics or
collaborative filtering. Prioritizing food matter this way allows the cooking device to
dramatically cut down on scrolling and otherwise unpleasant user interface interactions that
are not necessary. For example, a user may purchase Brussels sprouts from a grocery store,
go home and find suggested Brussels sprouts related recipes on the cooking device, selected
based on prior recipes liked by the user. In this manner, the user won’t be required to scroll
through tens of pages of food items to find a desired recipe.

[0088] The information obtained by the cooking appliance can also be provided to the
grocery store or other point of sale operator to enhance the grocery store’s logistics and
purchasing decisions. For example, the cooking appliance can provide additional information
concerning when and how different items were prepared and used, allowing the store to
optimize its supply chain and reduce the amount of items it must hold in reserve because it
knows the cumulative amount of food the users have consumed, approximately when they
have consumed it and what other foods they consumed it with. Online stores can also use
food consumption and recipe preferences and feedback to suggest new recipes and food items
for purchase. For example, if a user bought steak and Brussels sprouts, but only cooked the
Brussels sprouts, the online store can recommend Brussels sprouts (knowing the user recently
consumed the Brussels sprouts and may still have the steak). This can help present the user
with a more convenient user interface for ordering food and selecting recipes.

[0089] One way to mitigate problems with manual entry of food height is to allow the user
to compare the height of the food matter to some other reference object, and display the same

reference object on the user interface such that the user can make an intuitive comparison
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between the reference object and portrayal of food that her height in the user interface. There
are many reference objects that are convenient and are shipped with the cooking device in
question. For example, the temperature probe lance may be a relatively convenient reference
object for measuring food height during preparation. Another possibility is the user interface
display itself which can have a ruler like image for height measurement purposes. Another
possible embodiment is two engrave or otherwise mark part of the cooking chamber or tray
such that height or other life units are relatively obvious. That user can then enter the height
of the food matter by visually comparing or manipulating markers relative to the reference
object to indicate height.

[0090] FIG. 5 is a block diagram illustrating an adaptive cooking apparatus and user
device, in accordance with various embodiments. In one embodiment, the cooking appliance
can dynamically adjust the cooking logic during operation by analyzing images received from
the camera. The cooking appliance can use the camera to determine several parameters prior
to or while cooking food matter, which include, but are not limited to: food geometry and
thickness, surface texture changes, level of browning or searing, presence of bum, food
shrinkage, expansion or distortion, seepage of liquids, presence of smoke, presence of steam,
liquid boiling, or any combination thereof. The camera may also be used for safety by
detecting unsafe events such as the presence of smoke detection, fire detection, or extreme
temperature, which may trigger an alarm and shutoff the oven.

[0091] Camera feedback control is useful for cooking methods where the cooking process
follows an exponential or non-linear trajectory. For example, in browning foods, the darker
the food, the more heat the food will absorb. This is particularly evident in toasting where 2
minutes usually produces a beautiful brown, but 2 minutes 30 seconds could burn the toast.
Real time image analysis of the food during cooking could enable the toast to be browned
perfectly every time, by stopping or adjusting the cooking process when an appropriate level
of toasting is detected. Additionally, for sequential cooking sessions where the cooking
device has already been preheated by the previous cooking session, camera control of
browning can be used to produce consistent results.

[0092] In addition, the 3-D geometry of the food matter can also be determined by the
camera. For example, a 3-D image can be obtained by adding an additional camera where
stereoscopic vision can be used to determine the 3-D geometry or by adding another
structured light source such that a predetermined light pattern is projected onto the food
matter so that the 3-D structure of the food matter can be deduced by the distortion of the
light pattern.
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[0093] Ttis also possible to determine food geometry by using only a single camera
because the cooking device cavity is well controlled. However, for food with very little
contrast or visible edges, determining the precise 3-D structure using a single camera can be
more challenging. In these cases, different lighting sources, different camera filters and
sensors can be simultaneously used to improve the three-dimensional resolution. The 3-D
geometry is useful in several ways: the cooking sequence can be optimized based on the
thickness of the food matter in question. The 3-D geometry can also help in generating a
preview of the result of a browning or searing session.

[0094] In some embodiments, machine vision via one or more in-oven cameras may be
used to improve the user experience. For example, the camera may be used to identify and
correct visible errors in the food preparation, cooking algorithm and/or food placement. One
common error is insertion of the food in the wrong tray rack. The different tray racks
position the food at different distances from the heating elements, which can significantly
impact the food matter being cooked. In some embodiments, one or more cameras image the
interior of the cooking chamber from a fixed location, including the food placed within the
oven, and determine the relationship between the tray and the interior of the oven to compute
the tray position. If the tray position is wrong, then the user may be informed through the
user interface to correct the tray placement and/or override the assessment by the algorithm
and continue the cooking algorithm.

[0095] In several embodiments, the cooking appliance can implement various mechanisms
to facilitate programming process of developers who intend to build virtual heating recipes
for the cooking appliance, where the virtual heating recipes include use of camera feedback
control. The optical properties of the food can be determined by a camera library, which then
translates the state of the food into easily applicable application programming interfaces
(APIs). In one example, the control of searing or browning can be programmatically divided
into 10 segments: zero being not browned at all, and 10 being black. The camera can use the
initial shade of the food to calibrate this browning scale to be the value zero. Based on the
type of food, browning level of 10 can be computed. In operation, the user may specify the
desired browning level.

[0096] While the food is being cooked, the camera can compare the initial browning level
with the current browning level to compute the current browning level presented.
Additionally, in cooking processes where there are nonlinear changes, the camera feedback

library can further use that nonlinear change to calibrate its browning scale. For example, in
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foods where a crust can form from baking, formation of the crust can be calibrated to a level
7, for example.

[0097] In another example, presence of steam emanating from the food or presence of
bubbles indicates that the surface temperature of the food has reached 100°C. This
information combined with cooking equipment temperature, other optical information
mentioned above and timing can be used to model the interior temperature for the food and/or
the state of the cooking process.

[0098] Referring to FIG. 5, a user device 540 runs a client application 542 that includes an
interface to the cooking appliance features, such as temperature and sensor information, and
an image of the meal while cooking. This allows the user to view the meal in real time with
diagnostic information about the cooking progress.

[0099] A cooking appliance 500, in accordance with various embodiments, can include a
chamber 502 having a door 506. At least one cooking platform 510 is disposed inside the
chamber 502. The cooking platform 510 can be a tray, a rack, or any combination thereof.
The chamber 502 can be lined with one or more heating elements 514 (e.g., a heating element
514A, aheating element 514B, etc., collectively as the “heating elements 514”). Each of
heating elements 514 can include a wavelength controllable filament assembly. The
wavelength controllable filament assembly is capable of independently adjusting an emission
frequency/wavelength, emission power, and/or emission signal pattern in response to a
command from a computing device of the cooking appliance 500. In various embodiments,
the wavelength options allow for various cooking modes directed to (from shortest
wavelength to longest wavelength): direct mode (surface of edible substance), direct mode
(internal cooking of edible substance), pan mode, oven mode, depending on the wavelength
used. In one embodiment, two different wavelengths may be implemented, a first shorter
wavelength to cook the exterior surface of the food, and a second longer wavelength to cook
the interior of the food. Computer vision may be used to ensure the desired sear and a
desired internal temperature may be tracked with use of probe technology.

[00100] In several embodiments, the chamber 502 is windowless. That is, the chamber 502,
including the door 506, is entirely enclosed without any transparent (and/or semitransparent)
parts when the door 506 is closed. For example, the chamber 502 can be sealed within a
metal enclosure when the door 506 is closed, and one or more cameras, such as camera 518,
can be arranged to image an interior portion of the chamber 502 during operation. In some
embodiments, the camera 518 is attached to the door 506. For example, the camera 518 can

face inward toward the interior of the chamber 502 when the door 506 is closed and upward
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when the door 506 is opened as illustrated. The camera 518 can be attached to the door 506
or proximate (e.g., within three inches) to the door 506 to enable easy cleaning, convenient
scanning of labels, privacy, heat damage avoidance, and etc.

[00101] In several embodiments, the heating elements 514 include one or more wavelength-
controllable filament assemblies at one or more locations in the chamber. In some
embodiments, each of the one or more wavelength-controllable filament assemblies is
capable of independently adjusting its emission frequency (e.g., peak emission frequency)
and/or its emission power. For example, the peak emission frequency of the wavelength
controllable filament assemblies can be tuned within a broad band range (e.g., from 20
terahertz to 500 terahertz). Different frequencies can correspond to different penetration
depth of heating the food substances.

[00102] The heating elements can be controlled to have varying power, either by using a
rapidly switching pulse width modulation (PWM)-like electronics by having a relay-like
control that turns on and off relatively quickly compared to the thermal inertia of the heating
filament itself. The change in peak emission frequency can be directly correlated with the
amount of power delivered into the heating element. More power correlates to higher peak
emission frequency. In some cases, the cooking appliance 500 can hold the power constant
while lowering the peak emission frequency by activating more heating elements, each at a
lower power. The cooking appliance 500 can independently control peak emission
frequencies of the filament assemblies and power them by driving these filament assemblies
individually.

[00103] In some embodiments, using the max power for each individual heating element to
achieve the highest emission frequency is challenging because the power consumption may
be insufficiently supplied by the AC power supply (e.g., because it would trip the fuse). In
some embodiments, this is resolved by sequentially driving each individual heating element
at maximum power instead of driving them in parallel with reduced power. Intermediate peak
emission frequency can be achieved by having a combination of sequential driving and
parallel driving.

[00104] In various embodiments, the camera 518 includes an infrared sensor, the cooking
appliance 500 includes multiple cameras, and the camera 518 includes a protective shell. In
some embodiments, the heating elements 514 and the camera 518 are disposed in the
chamber 502 such that the camera 518 is not directly between any pairing of the heating
elements. For example, the heating elements 514 can be disposed along two vertical walls

perpendicular to the door 506. The heating elements 514 can be quartz tubes (e.g., with
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heating filaments therein) that runs horizontally on the vertical walls and perpendicular to the
door 506.

[00105] In some embodiments, a display is provided, such as display 522 attached to the
door 506 or a display at another location, such as on the top of the oven. The display 522 can
be a touchscreen display. The display 522 can be attached to an exterior of the chamber 502
on an opposite side of the door 506 from the camera 518. The display 522 can be configured
to display a real-time image or a real-time video of the interior of the chamber captured by
and/or streamed from the camera 518. In another embodiment, the image from the camera
518 is streamed to the user device 540 across a wireless connection, such as Wi-Fi or
Bluetooth. In various embodiments, repeated opening and closing of the door 506 during
cooking allows heat to escape, affecting the cook time and reliability of a cooking algorithm.
By providing the user with a real-time video of the interior of the chamber during cooking, in
addition to real time progress status and feedback information as described herein, the user is
discouraged from opening the door 506 (e.g., to check on the edible substance on the interior
of the chamber 502) during cooking, thereby facilitating reliable meal preparation results.
[00106] In one embodiment the display presents a listing of recipes, which may include
pictures of food, a recipe name and main ingredient, and an option to select recipes by
touching or clicking on each recipe. Options such as crispness, sear level and level of
doneness may be selected for various recipes, or the cooking appliance may select the options
based on the ever adapting algorithm.

[00107] The user device 540 includes a display 542 that may be viewable from the oven,
through a local area network, or through the recipe server across the internet, allowing the
user to monitor and issue commands to the oven from any location. In one embodiment the
user may adjust he recipe in accordance with the image on the user device. For example, if
the food is a desired shade of brown.

[00108] FIG. 6 is a flowchart illustrating a method 600 of operating the cooking appliance
(e.g., the cooking appliance 500, the cooking appliance 110, and/or the cooking appliance
200) to cook a food substance utilizing camera feedback, in accordance with various
embodiments. The method 600 can be controlled by an adaptive cooking appliance (e.g., the
adaptive cooking appliance 200).

[00109] At step 602, the user selects a recipe for use by the cooking appliance. In one
embodiment, the cooking appliance presents the user with one or more recipe options, such as
arecipe from its local recipe library or from a recipe library implemented by a cloud service

accessible through a network interface (e.g., the communications interface 240). At step 604,
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a camera (e.g., the camera 518) inside the cooking appliance can stream images of the food
substance to the computing device and to a display device, such as a display on the oven or
one or more user devices. For example, the camera can be pointed toward a cooking platform
(e.g., the cooking platform 510) of the cooking appliance.

[00110] At step 606, when the cooking appliance receives an image, the cooking appliance
can analyze the image, to determine a state of the food substance, the cooking chamber, or
the cooking platform. In some embodiments, the computing device can segment the image
into portions corresponding to the food substance, portions corresponding to the cooking
platform, and/or portions corresponding to the cooking chamber. According to the
segmentation of the image, the computing device can determine separate states for the food
substance, the cooking platform, and/or the cooking chamber. The state can be a known state
(e.g., matching a set of potential states specific to the heating recipe or global to cooking
operations of the cooking appliance in general) or an unknown state. In various embodiments,
the states may be determined with or without the aid of other sensors.

[00111] In one example, a recipe and cooking logic is generated for cooking a steak. The set
of potential states specific to the steak recipe can include states corresponding to different
searing levels. In another example, the recipe is for making popcorn. The set of potential
states specific to the popcorn making recipe can include states corresponding to a yet-to-pop
state, a popping state, and an all popped state. In yet another example, the recipe is for boiling
an egg. The set of potential states specific to the egg boiling recipe can include a water
boiling state and a water not boiling state. In another example, the heating recipe is for
toasting bread to a desired shade of brown. Global states can include a smoke alarm state
(e.g., when there is smoke inside the cooking chamber) or a fire alarm state (e.g., when there
is fire inside the cooking chamber or the food substances on fire). An unknown state is an
image that deviates from all known states, such that it is so unusual that the computing device
would either stop the operation of the cooking appliance or at least alert the user.

[00112] At step 608, the user device provides feedback to the computing device, which may
include instructions for modifying the cooking algorithm, overriding current settings or
setting additional preferences for the heating process.

[00113] At step 610, the computing device can re-configure the heating elements or other
physical components of the cooking appliance in response to a state change of the food
substance, the cooking chamber, and/or the cooking platform. For example, the
reconfiguration can include turning off the heating elements, changing the peak emission

frequency of one or more of the heating elements, changing the intensity of one or more of
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the heating elements, controlling the cooling system, sending a natural language or media
message via the network interface (e.g., communications interface 240), displaying a message
on the display (e.g., the display 522 or display on user device), or any combination thereof.
[00114] At step 612, the computing device can store the state change history of the food
substance, the cooking chamber, and/or the cooking platform in local memory (e.g., the
memory 240). In some embodiments, at step 614, the computing device can generate a media
file (e.g., a visualization image or video) illustrating the progress of the heating recipe
according to the state change history and provide feedback to the recipe server or store
locally for the user. The user preferences can then be modified in accordance with user
feedback.

[00115] FIG. 7 is a flowchart illustrating a method 700 of operating a cooking appliance
(e.g., the cooking appliance 500, the cooking appliance 110, and/or the cooking appliance
200) to cook an edible substance evenly, in accordance with various embodiments. At step
702, the cooking appliance can identify a food profile of the edible substance from a
database. For example, the cooking appliance can identify the food profile by scanning (e.g.,
optically scanning or near-field-based) a packaging of the edible substance prior to starting to
heat (e.g., searing and/or roasting) the edible substance. For another example, the cooking
appliance can identify the food profile by receiving a user indication of the food profile via an
interactive user interface. The interactive user interface can be implemented on a touchscreen
of the cooking appliance. The interactive user interface can be implemented on a mobile
device (e.g., smart phone or electronic tablet) having a network connection with the cooking
appliance.

[00116] In other embodiments, the recipe and cooking logic can be automatically available
on the cooking appliance through a subscription or vendor relationship, which also tracks and
adapts the cooking experience to user-specific information, as disclosed herein. For example,
the user could order a meal kit and have it delivered to a location associated with the cooking
appliance. The vendor can track delivery and instruct the recipe server to push the recipe to
the cooking appliance when the meal kit is received. Alternatively, the user may purchase
groceries and associated recipes may be presented to the user for availability on the cooking
appliance. In another embodiment, the user selects recipes, a grocery delivery order is
executed and the recipe and cooking logic is downloaded to the oven when the groceries are
delivered. In another embodiment, the recipes in the cooking appliance are tracked by smart

devices in the home and adjusted to only show recipes having available ingredients.
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[00117] At step 704, the cooking engine (e.g., via a processor or a controller) instantiates a
cooking logic including a heat adjustment algorithm based on the selected recipe from the
database. For example, the cooking appliance can identify one or more recipes associated
with the food profile and display the recipes for user selection. The computing device can
then receive a user selection of at least one of the recipes. The computing device can
instantiate corresponding cooking logic including the heat adjustment algorithm based on the
selected recipe. In one example, the selected recipe includes a searing step.

[00118] At step 706, the cooking appliance can monitor, via a camera, a surface of an edible
substance in a cooking chamber. At step 708, the user, receiving the image through the user
device, may also monitor the cooking and provide feedback if desired.

[00119] At step 710, the cooking appliance can sear, via at least a first heating element
controlled by the computing device, the edible substance utilizing camera feedback control
based on the monitoring of the surface of the edible substance by the cooking engine and the
user of the user device. For example, the computing device can set the cooking appliance to
sear by tuning a peak emission wavelength of the first heating element. For example, the
heating concentration of longer peak emission wavelengths can penetrate the edible substance
more. Accordingly, when searing, the computing device can shorten the peak emission
wavelength of the heating elements. When searing, higher-frequency and shorter peak
emission wavelength is used. The radiant heat transfer efficiency during the searing operation
can be more than 20 times the radiant heat transfer efficiency of an oven running at
conventional filament temperatures (e.g., a conventional nichrome oven). At this much higher
radiant heat transfer efficiency, various parts of the edible substance may not ever reach a
balanced thermal equilibrium (e.g., radiant heat is added to the surface of the edible substance
at a faster pace than the heat being thermally conducted away into the inner parts of the
edible substance). Hence, the inner portion of the edible substance does not completely act as
a heat sink for the surface of the edible substance. As a result, when searing the surface of the
edible substance, the internal portion of the edible substance is also roasted.

[00120] At step 712, the cooking appliance can determine a depth center of the edible
substance and/or the temperature at multiple points via a multi-point temperature probe in
communication with the computing device. At step 714, the cooking appliance can roast, via
at least a second heating element controlled by the cooking appliance, the edible substance in
the cooking chamber after the searing step is complete (e.g., according to camera feedback).
The first heating element and the second heating element can be the same heating element or

different heating elements. Each of the heating elements can include one or more filament
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assemblies capable of adjusting their peak emission wavelengths. For example, the cooking
engine can set the cooking appliance to roast by tuning peak emission wavelengths of the
second heating element.

[00121] When roasting, the cooking engine can configure the peak emission wavelength of
the second heating element to correspond with a penetration depth through the edible
substance to the determined depth center. The cooking engine can proportionally adjust the
peak emission wavelength to a level that corresponds to the penetration depth. The food
profile identified in step 702 can specify a depth adjustment function. The depth adjustment
function can map penetration depths to peak emission wavelengths. The computing device
can thus proportionally adjust the peak emission wavelength to correspond to the penetration
depth according to the food profile/depth adjustment function.

[00122] The cooking engine can operate the heating elements differently when roasting
versus when searing. In some embodiments, when roasting, the cooking engine drives (e.g.,
sending a control command to a driver) a filament assembly of the second heating element to
emit at a peak emission wavelength longer (e.g., lower peak emission frequency) than when
searing the edible substance. In some embodiments, when roasting, the cooking engine drives
a filament assembly of the second heating element at a higher power than when searing the
edible substance. When roasting, the peak emission wavelength is longer, the radiated power
is lower, and the radiant heat transfer efficiency is lower than when searing. This enables the
roasting operation to cook the inner parts of the edible substance without affecting the surface
of the edible substance. For example, this can be partly because the edible substance reaches
equilibrium quicker since the surface heat of the edible substance is quickly conducted to the
center of the edible substance.

[00123] While roasting, the computing device can tune the power driving the heating
elements (e.g., the second heating element) based on temperature feedback control from a
temperature probe inserted into the edible substance. The temperature probe can be in
communication with the cooking engine. For example, the cooking engine can monitor
temperature readings from the temperature probe via an electrical wire connection, a
radiofrequency (RF) wireless connection, or a near field inductive or capacitive coupling
connection with the temperature probe.

[00124] In various embodiments of the method 700, the cooking appliance sears (e.g.,
surface cooking utilizing high-power) before roasting. For example, roasting is performed
with less power. In some embodiments, there are three (see, e.g., screen 487 in FIG. 4F) or

four large cooking areas with multiple heating elements in a multi-zone cooking
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environment. Due to power limitation, it may be impractical to use all heating elements at
max power or shortest wavelength when searing. For example, the cooking appliance can
have three heating elements on the top portion of its inner chamber. The cooking appliance
can run the heating elements on the top portion sequentially to sear (e.g., to overcome the
power limitation). When roasting, the cooking appliance can drive the heating elements at
lower power sequentially, or running all heating elements or all top portion heating elements
at the same time, all which have a lower filament temperature with longer wavelength as
compared to when searing.

[00125] Generally, driving heating elements to emit longer wavelengths cause the emitted
power to penetrate deeper into food. However, thermal gradient of the food can contribute to
penetration as well. Very hot surface can cause a relatively sharp temperature gradient from
the surface to the center of the food. A relatively lower temperature can have even heating
from all sides of the food, similar to how radiant heat can cause a lower/smoother
temperature gradient.

[00126] In various embodiments, the recipe server and compiler are designed to increase the
cooking speed for various foods. In one embodiment, cooking ranges and heating algorithms
are developed on the front end for food characterizations and other recipe components. Each
component has a cooking range that can be adjusted depending on the outcome desired by the
user, such as speed or best flavor. For any recipe, ingredients include a food characterization,
a food type and typical cooking parameters. A recipe may be compared to similar recipes and
may be modified to result in faster cooking, which may include food preparation (such as the
portion size to cut meat) and a heating profile algorithm to adjust the cooking time. User
configurable parameters may be selected to adjust the factors taken into consideration in
selecting the speed cooking option. In one embodiment, the recipe input is modified in
accordance with known food categorizations and further provided as an input to a heating
algorithm.

[00127] An exemplary embodiment of a recipe generation process is illustrated in FIG. 8. As
illustrated, the recipe database 804, including food characterizations and cooking logic, may
be used as a knowledge base for use in an artificial intelligence or machine learning system
for converting recipes to cooking appliance-specific cooking logic, including heating
algorithms, and food preparation parameters. In one embodiment, a new recipe may be input
to a recipe generator 800 to produce an optimized output recipe and cooking logic for the
oven, including a heating algorithm. Through the machine learning system, recipes and

cooking logic may be generated that are optimized for cooking speed and efficiency, while
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maintaining simplicity and flavor. In one embodiment, a recipe and cooking logic are
implemented and run in a controlled cooking appliance with controlled ingredients. The
recipe is cooked using different combinations of ingredients and preparations and various
dishes are tested in a cooking appliance and results are tracked in the database 804. The
system can then adjust the recipe and cooking logic to speed up the cooking process, adjust
heating model or sensor information, and provide logic for dynamic control.

[00128] In one embodiment, a conventional recipe is provided to the recipe server. The
recipe is parsed into a series of high level instructions which can be translated into cooking
elements and a heating algorithm. The high level instructions include commands for
controlling the cooking appliance (set temperature, set timers), monitoring sensors such as
probe, camera, and timers. Analysis information to detect future events such as an image
showing the proper edible substance profile, timers for adjusting the heating and cooling may
also be included in the instructions. In one embodiment, the recipe is converted into cooking
appliance instructions. A recipe may be constructed based on cooking appliance data, such as
best ingredients, sensor monitoring, foot preparation, and heating adjustments.

[00129] A fast cook recipe may also be constructed to speed up timing in accordance with
the stored user data. After a recipe has been followed, the user may provide additional
feedback and adjustments to the recipe. The cooking appliance may also provide automatic
adjustments (e.g., based on sensor feedback and camera image analysis) and user-specific
information learned during the cook, as discussed previously herein. In one embodiment, the
user selects from a set of options such as undercooked and overcooked and the recipe is
adjusted for future use. In one embodiment, the recipe may be stored, including the sensor
and image information. The user recipe is added to the recipe database and may affect other
generated recipes, depending on factors such as region, ingredients, user profile, user
feedback, and user preferences. For example, user experiences with certain sourced
ingredients or regional preferences may lead to changes in a recipe (e.g., if recipes executed
with a particular sourced ingredient are regularly overcooked, then the heating algorithms for
other recipes using the source ingredient may be adjusted accordingly). In another
embodiment, the recipe may change the user’s recipes based on factors such as the user’s
history of improper ingredient selection and preparation, inaccurate ingredient measuring,
common user errors and/or user preferences. The feedback is used to modify and optimize the
recipe for the user (e.g., if the user consistently cuts proteins to a greater thickness than
expected, then the heating algorithm can be adjusted to apply searing power to the protein for

a shorter duration than expected). In one embodiment, the user is recommended recipes from
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other users having similar user profiles, feedback and experience. The next recipe is used to
generate cooking logic which may be downloaded to the cooking appliance and modified by
the user as desired. In one embodiment the user may modify the recipe on the oven, user
device or through the recipe server.

[00130] In one embodiment each recipe includes a thermal script. Thermal modeling is
performed by the recipe server for various food characterizations and recipes. Thermal
modeling includes timing and sensor based temperature adjustments. During cooking, timing,
temperature sensor readings are tracked. After cooking the tracked information is compared
to the initial model along with user feedback. In this approach, a user or oven adjusted model
is available for use the next time the user runs the same recipe. In one embodiment, the user
is prompted whether to use the adjusted model, the original model or make further
adjustments to the model. In one embodiment, the adjustments occur automatically in the
background, providing the user with the best recipe and thermal model every time.

[00131] In one embodiment, the cooking appliance allows for user-generated recipes. A user
may create a new recipe for the oven, for example, from scratch, from a recipe in another
medium, or by modifying a recipe received from the cloud recipe store. The recipe may be
compared to stored recipes, in terms of similar dishes, ingredients, heat models, sensor data
and timing information and user feedback and converted into a user-generated recipe for the
adaptive cooking appliance. The recipe is then available to the user through the oven, client
application or recipe server as desired. In one embodiment, recipes on the user device may be
sent to the cooking appliance over a wireless connection. The oven may then compile the
recipe into cooking appliance commands for cooking. In one embodiment, the oven includes
recipe compiler for providing basic recipe adjustments. In various embodiments, the cooking
apparatus may include a “chef mode” providing the user with detailed control over the recipe
generation and cooking appliance operation (e.g., allowing for selection of emitted
wavelengths from heating elements or controlling allocation of available power resources
during the cook).

[00132] The user-generated recipe may be further adjusted based on the user feedback and
other user-specific information gathered during execution of the recipe as previously
discussed herein, which may be updated each time the user executes the recipe. For example,
after the edible substance is cooked in accordance with a user-generated recipe, the user may
be prompted for feedback on whether the user liked the result (“Did you like the meal?”) as

well as feedback on specific changes that may be made to the recipe. In one embodiment, bad
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recipes (as determined by the user feedback) may be removed from the recipe storage, for
example, by prompting whether the user desires to improve or remove a bad recipe.

[00133] In other embodiments, the cooking appliance may track various parameters before,
during and after cooking such as heat and sensor data and user interactions during preparation
and execution of the recipe. For example, temperature and timing are tracked, as well as how
often the cooking appliance door is opened to check on the food, how often the user interacts
with a user interface of the oven or user device, how often the edible substance is viewed on
the application, and any user adjustments that are made during execution of the recipe and
any additional user feedback provided after the cook. The cooking appliance events and user
events may be used to update the recipe. In various embodiments, user-generated and
conventional recipes, including data, adjustments and interactions received during cooking or
feedback from a user, are compiled into a heating algorithm and cooking appliance
commands for various cooking modes. For example, the cooking appliance may determine
low stress and high speed cooking options for each recipe. The low stress and high speed
self-curated recipes may be compiled using known food characterizations and cooking
models (e.g., as stored in food characterization and recipe database 316 of FIG. 3), which
include a range of acceptable cooking parameters, including cooking temperatures, time,
sensor, and probe and image data for proper cooking in each of the available cooking modes.
When cooking a meal, the user may be prompted by the user interface with an offer to cook
the recipe using a low stress or high speed cooking mode.

[00134] FIG. 9 is a flowchart illustrating a method 900 of operating a cooking appliance
(e.g., the cooking appliance 100, the cooking appliance 200, the cooking appliance 300,
and/or the cooking appliance S00A) to cook an edible substance in different modes, in
accordance with various embodiments. At step 902, a computing device of the cooking
appliance can be configured to execute a heat adjustment algorithm/process based on a recipe
that specifies driving logic for operating one or more heating elements of the cooking
appliance.

[00135] For example, the cooking logic can specify which of the heating elements to turn on
(e.g., controlling the directionality of heating). For example, the recipe can dictate that
heating elements from below a tray are turned on and heating elements from above the tray
are turned off. In this example, the cooking appliance can be simulating a range top. In
another example, each heating element can be driven independently (e.g., a heating element
located at a front top location can be driven independently from a heating element at a back

top location). The cooking appliance can heat up the edible substance in a number of ways.
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The cooking appliance can be configured to heat the edible substance directly. The cooking
appliance can be configured to heat its internal chamber (e.g., its chamber walls and its tray)
and let the radiant heat from its internal chamber to heat the edible substance. The cooking
appliance can be configured to heat the internal chamber and the edible substance
simultaneously. The heated air in the internal chamber can also heat up the edible substance.
The cooking appliance can further be configured to provide airflow of heated air to cook the
food as an impingement convection oven. At a lower airflow speed, the cooking appliance
can be configured as a regular convection oven.

[00136] Because items (e.g., the edible substance, the air, the chamber walls, and the tray)
inside the cooking appliance may each have one or more excitable wavelengths, by
controlling the peak emission wavelengths of the heating elements, the computing device can
specifically target different items to heat up. Because an item can have multiple excitable
wavelengths, the computing device can select different peak emission wavelengths to control
the cooking speed/efficiency provided by the heating elements.

[00137] At step 904, the computing device can configure the heat adjustment algorithm to
operate according to either a low stress mode or a high speed mode. In one embodiment,
available cooking modes are presented to the user through a user interface (e.g., User
Interface Components 250 of FIG. 2). An exemplary user interface is illustrated in FIG. 14B,
in which the user is prompted to select a low stress mode (e.g., a comfort mode) or a high
speed mode. In some embodiments, the user may be provided additional information on the
differences between the available cooking modes, including total cooking time and an
estimated range of times at which the user should expect to remove the edible substance from
the cooking appliance.

[00138] In some embodiments, the low stress cooking mode is configured with various
safeguards to prevent overcooking, for example, by configuring the heating algorithm to turn
off before overcooking, adaptively adjusting the cooking in response to feedback control
signals to prevent overcooking, configuring the cooking algorithm with a relatively long
window of time during which the user may remove the edible substance from the cooking
appliance, and providing user completion indicators and other feedback to the user to prompt
removal of the edible substance from the cooking appliance.

[00139] In conventional cooking methods, the internal temperature of the food typically
continues to rise after the food is removed from the cooking apparatus (as heat continues to
flow within the food). It is often desirable to allow the food to “rest” outside of the cooking

apparatus for a period of time before it reaches the desired internal temperature (desired level
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of doneness), at which point the user may cut into it. In the “high speed” cooking mode, more
energy is applied to the food in a short period of time to speed up the cooking, which results
in the food continuing to heat up (more rapidly than it would if cooked using a conventional
cooking method) after being removed from the oven. In the “low stress” mode, the cooking
can be performed more slowly than in the high speed mode (but may still be faster than the
conventional cooking methods) and which includes strategically applying energy in various
amounts at various points in the cook to ensure that the internal temperature is close to the
desired level of doneness when the food is removed from the oven, and the temperature rises
relative slowly thereafter. This creates a much longer period of time after the cook during
which the user can cut into the food and have it be at the desired internal temperature (desired
level of doneness).

[00140] At step 906, the computing device can monitor one or more feedback control signals
from one or more sensors of the cooking appliance. For example, the feedback control signals
can include a temperature reading signal from a temperature probe, a feedback signal from a
camera, or a combination thereof.

[00141] At step 908, the computing device can drive the one or more heating elements to
cook the edible substance based on the recipe and whether the recipe is configured to operate
in the low stress mode or the high speed mode. In some embodiments, the computing device
can drive the one or more heating elements further based on the feedback control signals. In
some embodiments, the computing device can calculate a projection (e.g., heating trajectory)
of when to complete cooking and turn off the heating elements. In some embodiments, the
control of the heating elements is dynamic (e.g., based on feedback control signals from the
temperature probe or from the camera), and hence completion time is not yet known.

[00142] At step 910, the computing device can turn off power to the heating elements. At
step 912, the computing device can determine when to present a completion indicator of the
heat adjustment algorithm according to whether the recipe is configured to be in the low
stress mode or the high speed mode. In some embodiments, the computing device can
determine when to present the completion indicator based on the feedback control signals
(e.g., when the searing is “visually” done according to an optical sensor or when the edible
substance has reached a certain temperature for a certain period of time).

[00143] The high speed cooking process may include extraction of the edible substance from
the cooking appliance when the completion indicator is presented (e.g., otherwise the edible
substance will overcook). The low stress mode allows for the extraction to occur within a

preset time range (e.g., from immediately to within 30 minutes or from immediately to within
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two to three hours). In various embodiments, the completion indicator is presented to a user
through a user interface of the cooking appliance (e.g., User Interface Components 250 of
FIG. 2) or through a user interface on a user device (e.g., User Device 280 of FIG. 2).
Exemplary completion indication messages are illustrated in FIG. 14B, which include an
instruction to remove the edible substance at a certain time to rest, an indication that the food
1s done, and a time until the edible substance is overdone.

[00144] Various embodiments of systems and processes for implementing resting control
will now be described. Because the cooking appliance manages an entire cook, a food
(typically a protein) rest guidance systems and methods are implemented. In operation, the
cooking appliance would indicate that cooking (and all heating) have ended and that
additional time will be used to rest the food so that the food achieves a higher-quality finish
and the correct doneness. In other embodiments, the heating system might completely shut
off and the food may begin and continue to rest in the cooking appliance without any
indication that the food is resting. In those embodiments, there may only be an indication
that the user will need to cut into the food during a certain duration of time (and the
indication could come at any time, including when the heating system is active). In one
embodiment, proteins may rest for 5 minutes in order to have the protein fibers relax and
absorb the moisture that is partially lost through the cooking process. With light-based
heating elements, the increase in the efficiency and health delivery accentuates the carryover
cooking in certain circumstances. For example, it is not uncommon to see carryover cooking
on the order of 15° compared to a conventional oven which may see a 5° climb under similar
cooking conditions.

[00145] In some embodiments, a cooking appliance is configured to makes a first indication
that cooking has stopped. The indication to the user may comprise an audible signal, visual
cue, vibration-based notification or other method of notifying a user. The cooking appliance
is further configured to generate a second indication to the user that indicates resting is
complete.

[00146] In some embodiments, a progress indicator such as a graphical indicator or
countdown timer (as illustrated, for example, in FIG. 14B) shows the user the current status
of the meal and the time remaining. Additional computational algorithms can be involved
which take account of the history of the food cook to compute the amount of time necessary
for the rest. In other embodiments, the cook history is used to compute the cut off

temperature and time so that the user always experiences the same number of resting minutes.
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For example, the cooking appliance can lock down the resting time to exactly 3 minutes by
computing exactly when to shut off all heating.

[00147] In some embodiments, under the high speed mode, the cooking appliance can
present the completion indicator when the computing device turns off the power to the
heating elements. In some embodiments, under the low stress mode, the computing device
can present the completion indicator a certain amount of time after the computing device
turns off the power to the heating elements. For example, after the power to the heating
elements is turned off, the tray and/or the chamber walls of the cooking appliance remains as
radiant heat sources. The internal air is also still at a high temperature. Under the low stress
mode, the computing device can simulate the radiant heat and the hot air using a
computerized model to compute the heating trajectory of the edible substance. The
computing device can present the completion indicator once the heating trajectory has
reached a point where the radiant heat has died down sufficiently and the hot air has cooled
such that they do not cause the edible substance to be overcooked or go stale even if the
edible substance remains in the chamber for a preset range of time.

[00148] In some embodiments a recipe is provided using variable stress cooking. In one
embodiment, a low stress recipe is provided to produce safe results with less monitoring. The
low stress recipe is designed to be easy to prepare for a wide variety of users and can produce
consistent results with less care and monitoring. . In one embodiment, low stress cooking will
adjust a heat algorithm to turn off after cooking and allow the food to remain in the oven.
Using the low stress recipe, the oven will be configured to not overcook food. A fast cooking
option provides high speed cooking, but may be susceptible to a greater degree of human
error. For example, in one embodiment, high speed mode may require the user to remove the
food after cooking to reduce the risk of overcooking. High speed cooking may include greater
reliance on sensors such as probe, temperature sensors, optical camera and thermal cameras
and analysis of data during cooking. Recipes can be adjusted for each mode including a heat
model, heat trajectory model, and sensor and timing models.

[00149] A computing device (such as cooking engine) can be configured to control the peak
emission wavelengths of the filament assemblies or other heating elements. For example, the
computing device can be configured to identify a food profile associated with an edible
substance from a database and determine one or more excitable wavelengths associated with
the food profile. The computing device may be configured to emit at a peak emission
wavelength corresponding to at least one of the excitable wavelengths to heat the edible

substance.
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[00150] In some embodiments, the cooking appliance may be configured for side-by-side
cooking of two or more different edible substances, such as by controlling heating elements,
including shields for certain portions of the cooking appliance. For example, the cooking
appliance may independently control the heating elements that are above/below a first
cooking zone and above/below a second cooking zone. This enables some control of side-by-
side cooking in addition to direct radiant heating. Multi-zone cooking is also contemplated in
the current disclosure and may be optimized through the same methods as discussed above.
Zone cooking technology allows simultaneous cooking of different foods, even if they
require different temperatures and times. In other embodiments, heating elements may be
controlled for a double-decker cook, allowing simultaneous cooking of different foods on
multiple oven levels, even if they require different temperatures and times.

[00151] FIG. 10 is a block diagram of a recipe server system 1000 that implements a cloud-
based recipe store, in accordance with various embodiments. The server system 1000 can
include a recipe store 1002, a recipe distribution interface 1004, a recipe design interface
1006, a recipe execution simulator 1010, a food profile database 1014, an instrument profile
store 1016, a meal kit profile database 1018, a template database 1022, or any combination
thereof. The recipe store 1002 stores one or more recipes. Each of the recipes can include one
or more heating logic algorithms (e.g., heat adjustment algorithms). The recipe distribution
interface 1004 can present and provide the content of the recipe store 1002 via a web
interface or an application programming interface (API) for external devices to download.
For example, a cooking appliance (e.g., the cooking appliance 110) can access the recipe
distribution interface 1004 over a wide-area network, such as the Internet. In at least one
example, a user can download a recipe and associated cooking logic onto a mobile device and
then transfer the recipe and cooking logic to the cooking appliance. In at least one example, a
user of the cooking appliance can download a recipe and cooking logic directly into the
cooking appliance.

[00152] In various embodiments, the server system 1000 provides the recipe design interface
1006 to facilitate the design of the recipes in the recipe store 1002. When designing a recipe,
the recipe designer can access the template database 1022 to copy a recipe template or a
cooking logic template into the recipe. The server system 1000 can provide the recipe
execution simulator 1010 to simulate the recipe from the recipe designer. The server system
1000 can generate one or more visuals (e.g., videos, charts, graphs, combinations thereof,
etc.) to depict the transformation of a food target corresponding to the recipe. The server

system 1000 can present the simulated transformation represented by the visual via the recipe
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design interface 1006. The simulation can result in a visual simulation and/or a temperature
gradient simulation. The simulation can access a food profile database 1014 to determine how
a unit amount of target food (e.g., referred to as a “food target™) transforms visually in
response to ambient or internal temperature change. The food profile database 1014 can also
specify heating capacitance and conductance characteristics of a unit amount of target food to
facilitate the simulation. The recipe execution simulator 1010 can thus provide feedback to
the recipe designer to ensure that the recipe can work as intended in a cooking appliance.
[00153] The instrument profile store 1016 can store specifications of multiple versions or
embodiments of the disclosed cooking appliance. In some embodiments, the designer can
select from the instrument profile store 1016 to determine which version/embodiment of the
disclosed cooking appliance can work with the specified cooking logic. In some
embodiments, the recipe execution simulator 1010 can run the simulation based on one of the
version/embodiment in the instrument profile store 1016.

[00154] The meal kit profile database 1018 can store package identifiers of one or more
known meal kits/food packages. In some embodiments, logic of the recipe can refer to one or
more of the package identifiers. This enables the designer to specify a change of tactic/logic
based on a cooking appliance’s recognition of a package identifier. In various embodiments,
the database can include more detailed info about the meal kits, including physical properties
(height/weight/dimension), exact type of food (e.g. species of fish), source of food (e.g. ranch
where beef originated), etc.

[00155] In various embodiments, the heating logic may include timing and monitoring of
cooking including monitoring heat, cooking time, probes and sensors, and camera feedback.
The heating logic will include expected heat/time profile and sensor readouts. The heating
logic may also include events, such as a temperature of a probe, a cooking time or detection
through optical image analysis to further adjust the heating algorithm for next stage of
cooking.

[00156] FIG. 11 is a control flow diagram illustrating an example of a recipe 1100, in
accordance with various embodiments. The recipe 1100 can be a set of instructions (e.g.,
electronic and/or computer-readable instructions) adapted to configure a cooking appliance to
process a target food type. In various embodiments, the recipe may be configured to provide
instructions for cooking multiple items in different zones, instructions for cooking multiple
items on different trays, acceleration of traditional cooks, meal kit recipes or for other

cooking options.
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[00157] A cooking appliance (e.g., the cooking appliance 110) can download the recipe
1100 from a server system (e.g., the server system 1000) and execute the cooking logic. The
recipe 1100 can include cooking logic (e.g., a heat adjustment algorithm) and instructions to
configure the cooking logic. For example, at step 1102, the cooking appliance can initialize
the recipe 1100. At step 1106, the cooking appliance determines whether it recognizes a meal
package (e.g., the cooking appliance can utilize its camera to scan for a package identifier or
prompt a user of the cooking appliance to enter a package identifier). At step 1110,
responsive to recognizing the meal package (e.g., a package corresponding to an entry in the
meal kit profile database 1118), the cooking appliance configures a set of cooking logic
preset parameters corresponding to the recognized package identifier. For example, the
cooking appliance can access (e.g., locally or over a network) a meal kit profile database to
identify the corresponding set of cooking logic preset parameters. In this example, regardless
of whether the meal package is recognized, the cooking appliance can proceed to step 1114,
[00158] In other embodiments, the cooking appliance may be configured to identify other
cooking conditions such as multi-zone cooking, accelerated cooking, multi-level cooking and
multi-tray cooking.

[00159] At step 1114, the cooking appliance selects an operational mode that a user of the
cooking appliance prefers and makes other user-specific adjustments as appropriate. For
example, the cooking appliance can prompt the user to enter a mode selection via its
touchscreen, its one or more buttons, or a mobile device connected to the cooking appliance.
At step 1118, responsive to selecting a first mode (e.g., the low stress mode), the cooking
appliance can prompt for (e.g., the user) and receive cooking logic user parameters relevant
to the first mode. Similarly, at step 1122, responsive to selecting a second mode (e.g., the
high speed mode), the cooking appliance can prompt for and receive cooking logic user
parameters relevant to the second mode. When the first mode is selected, the cooking
appliance can execute, at step 1126, cooking logic, including a heat adjustment
algorithm/heating logic of the recipe 1100 associated with the first mode (e.g., referred to as
“heating logic A”). When the second mode is selected, the cooking appliance can execute, at
step 1130, cooking logic, including a heat adjustment algorithm/heating logic of the recipe
1100 associated with the second mode (e.g., referred to as “heating logic B™).

[00160] The cooking logic parameters can be a function of the cooking logic user parameters
specified at step 1118, the cooking logic preset parameters at step 1110 (if any), one or more
sensor feeds, a timer, one or more user signals, or any combination thereof. Similarly,

additional cooking logic parameters can be a function of the cooking logic user parameters
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specified at step 1122, the cooking logic reset parameters at step 1110 (if any), one or more
sensor feeds, a timer, one or more user signals or any combination thereof.

[00161] In some embodiments, a state machine can represent a heating logic sequence. For
example, the recipe can include multiple cooking logic sequences. At least some of the
cooking logic sequences can be alternatives of each another. For example, the recipe 1300
can dictate the basic settings of the state machine. State machine can be further configured by
the cooking logic preset parameters and/or the cooking logic user parameters. Based on these
settings, the state machine can configure components of the cooking appliance differently
according to a current state of operation. For example, the state machine can specify heating
element configuration (e.g., of one or more heating elements) based on the current state of
operation. The sensor feeds, the timer, and/or the user signals of the cooking appliance can be
the input signals to the state machine. A cooking logic sequence can dictate whether changes
to the input signals can change the current state of operation. The recipe 1100 can specify
heating element configuration (e.g., of one or more heating elements) based on the current
state of operation. In some embodiments, one of the states is a termination state. Once a
termination state is reached, the cooking appliance can notify (e.g., via an output component)
a user that the content in the cooking appliance is ready. When designing a recipe, the
designer can block access to any of the above steps. For example, the designer can skip step
1114 and force a cooking appliance to operate only in the low stress mode or only in the high
speed mode.

[00162] FIG. 12 is a flow diagram illustrating a method 1200 of operating a server system
(e.g., the server system 1000) that implements a cloud-based recipe store, in accordance with
various embodiments. At step 1202, the server system can generate a recipe design interface
(e.g., the recipe design interface 1006) configured to facilitate design of a recipe for
deployment in a cooking appliance (e.g., the cooking appliance 110). In various
embodiments, a recipe design interface may be implemented on the cooking appliance itself
through a “chef mode” interface for creating user-generated recipes. In some embodiments,
the recipe design interface has an integrated developer environment (IDE) for inputting the
cooking logic. The IDE can enforce a format convention for specifying the cooking logic.
The recipe design interface can provide access to a recipe execution simulator (e.g., the
recipe execution simulator 1010). The recipe execution simulator can compute a simulation
of the recipe against a known food profile (e.g., from the food profile database 1014). For
example, the simulation can include a visual depiction (e.g., a chart or a graph) of a food

target undergoing transformation according to the cooking logic and/or a visual depiction of
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temperature progression of the food target or parts of the cooking appliance. The recipe
execution simulator can then present the simulation via the recipe design interface. The
known food profile can specify how a food target transforms visually in response to ambient
or internal temperature change, and the heat capacity and conductance characteristics of a
unit amount of the food target.

[00163] The recipe design interface can provide access to one or more cooking logic
templates (e.g., in the template database 1022). A cooking logic template can be configurable
as the cooking logic. A cooking logic template can be inheritable. For example, when the
cooking logic inherits from the cooking logic template, the cooking logic template can serve
as a basis for the cooking logic that prompts the designer to fill-in subroutines required by the
cooking logic template. For example, a cooking logic template can provide the basic logic to
emulate a conventional cooking appliance (e.g., arange, a grill, a nichrome oven, etc.), and
allow a designer to specify parameters intended for the conventional cooking appliance. The
cooking logic template can then translate the parameters intended for the conventional
cooking appliance into heating element configurations for one of the disclosed cooking
appliance (e.g., the cooking appliance 110). A cooking logic template can be imported into
the cooking logic as a subroutine of the cooking logic.

[00164] At step 1204, the server system can receive one or more configuration parameters of
the recipe via the recipe design interface. The recipe can include one or more cooking logic
sequences. For example, a cooking logic sequence can be represented as a state machine
(e.g., deterministic finite automaton or a workflow). The state machine can be defined by at
least an initial state, a completion state, a state transition function, an output function, an
input symbol set (e.g., possible inputs), and an output symbol set (e.g., possible outputs). In
one example, an input can be a sensor feed value within a preset range. In another example,
an output can be a filament driver parameter associated with a heating element for
configuring the heating element after transitioning into a specific state of operation.

[00165] The configuration parameters can include an available state in the state machine.
The configuration parameters can include a user instruction associated with the state. The
user instruction is configured to be displayed in the cooking appliance or a mobile device
connected to the cooking appliance. The configuration parameters can include a heating
element configuration associated with the state. In some examples, the heating element
configuration is specified as a filament driver parameter (e.g., wavelength, amplitude, signal
pattern, power, duty cycle, etc.) and a heating element selection (e.g., which heating element

to use). In some examples, the heating element configuration is specified as a target
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temperature, a target spatial region (e.g., cooking depth and position relative to a chamber of
the cooking appliance), a target material (e.g., food, tray, chamber wall, perforated sheet, or
air), an instrument emulation mode, or any combination thereof.

[00166] The configuration parameters can also specify a state change condition associated
with a state. The state change condition is a conditional trigger that specifies when to change
a current state of operation and to which state to change to. The state change condition can be
a function of one or more sensor feeds, one or more timers, one or more user signals, or any
combination thereof. For example, the sensor feeds can include a temperature probe inserted
into a food target, a temperature sensor in the cooking appliance, a camera in the cooking
appliance, or any combination thereof. The user signals can be from a mobile device
connected to the cooking appliance, an input button of the cooking appliance, a touchscreen
of the cooking appliance, other input component of the cooking appliance, or any
combination thereof.

[00167] In some embodiments, the server system can cross-check the configuration
parameters entered by the recipe designer for errors. For example, the server system can
detect (e.g., through simulation or pattern recognition of known problematic logic) a potential
error or hazard associated with the recipe or the heating logic. The server system can then
present the potential error or hazard via the recipe design interface to notify the recipe
designer.

[00168] In various embodiments, the configuration parameters may be pre-populated with
parameters from an existing recipe stored in the database, allowing the user to modify
existing recipes available to the cooking appliance, including recipes generated by other
users. For example, a user may identify another user’s recipe, the server system can import
the parameters into the recipe design interface, and then configure the recipe as desired to
change ingredients, preparation instructions, cooking modes, times and temperatures and
other recipe parameters.

[00169] At step 1206, the server system can publish the recipe into an online store (e.g., the
recipe store). In some embodiments, the server system provides version control of the recipe.
In these embodiments, the server system can maintain multiple versions of the recipe (e.g., at
least some of these versions are published). After the publication of the recipe, at step 1208,
the server system can present the recipe in a graphical user interface (GUI) (e.g., the recipe
distribution interface 1004) of the online store for distribution to one or more cooking
appliances or one or more mobile devices. Each of the mobile devices can include an

application capable of communicating with a cooking appliance.
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[00170] At step 1210, the server system can distribute the recipe from the server system to a
requesting device (e.g., a device that selects a recipe to download). In some embodiments,
prior to distributing the recipe, the server system can configure the recipe with a digital rights
management (DRM) mechanism to prevent further unauthorized distribution of the recipe
after said distributing to the requesting device.

[00171] FIG. 13 is a flow diagram illustrating a method 1300 of configuring a cooking
appliance (e.g., the cooking appliance 110) with a recipe, in accordance with various
embodiments. At step 1302, the cooking appliance can download a recipe from an external
device. For example, the external device can be a server system (e.g., the server system
1000), a mobile device, or a portable memory device. The external device can be connected
via a wireless network, a physical port of the cooking appliance, or a peer to peer connection
established by the cooking appliance.

[00172] At step 1304, the cooking appliance can execute the recipe and associated cooking
logic in the cooking appliance in response to a user input and other user-related parameters.
For example, the cooking appliance can detect placement of food into the cooking appliance.
The cooking appliance can execute the cooking logic in response to detecting the placement
of food. For example, the cooking appliance can detect the placement of food by a camera in
the cooking appliance, a weight sensor, a temperature probe connected to the cooking
appliance, a mechanical connection sensor of a door of the cooking appliance, or any
combination thereof. The cooking appliance can also adapt the cooking logic to user-related
information, such as preferences entered by the user of learned by the cooking appliance
based on prior user activity. For example, if a user selects a level of doneness (e.g., medium
rare) but provides feedback to the cooking appliance after the cook indicating that the user
desired a different outcome (e.g., feedback through a user interface that the recipe was
overcooked; manually instructing the cooking appliance to cook a meat for a longer period of
time) then the cooking appliance can adjust the cooking logic to automatically provide the
user with the desired result.

[00173] The cooking logic can include one or more heating logic sequences represented as
state machines. The recipe and cooking logic can be the recipe designed and published in the
method 1100. At sub-step 1306, in response to executing the cooking logic, the cooking
appliance can determine which portion of the cooking logic specified in the recipe to use. For
example, the recipe can specify one or more meal kit package identifiers associated with one
or more cooking logic sequences. The cooking appliance can detect, via a camera of the

cooking appliance, an optical label of the food target in the cooking appliance. The cooking
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appliance can match the optical label against the meal kit package identifiers (if any) to select
a corresponding cooking logic sequence (e.g., with a corresponding state machine). The
cooking appliance can execute the corresponding cooking logic sequence. In various
embodiments, the optical label may include a barcode, a Quick Response (QR) code or other
optical code that identifies an associated recipe from the meal kit or cloud recipe store, which
may include a heating algorithm, recipe instructions, interactive user prompts for recipe
options, and other recipe related information.

[00174] In one embodiment, the full recipe is encoded on the optical label and uploaded
directly to the cooking appliance when it reads the optical label. For example, a user may
create a recipe using the cooking appliance, and print out the recipe on a sheet of paper (e.g.,
using an application on a user device) for sharing with family and friends, including a printed
optical code that includes the full recipe (e.g., food preparation instructions and heating
algorithm for execution by the cooking appliance). A recipient of the printed recipe may have
the optical code scanned by the recipient’s cooking appliance to read the recipe from the
optical label, allowing the cooking appliance to cook the meal as instructed in the recipe. By
encoding recipes in an optical label, the cooking appliance may upload and store new recipes
without needing to access a communications network or remote device (e.g., recipe database
140).

[00175] The recipe can specify two or more operation modes and two or more cooking logic
sequences associated with the operation modes. For example, the operation modes can
include a low stress mode and a high speed mode. The high speed mode requires an operating
user of the cooking appliance to extract a food target from the cooking appliance at a specific
time determined by the cooking logic sequence. The low stress mode corresponds to a
cooking logic sequence that enables a range of time during which the operating user can
extract the food target without overcooking or undercooking the food target.

[00176] In some embodiments, the cooking logic can specify an exception catching logic
that monitors one or more sensor feeds, one or more user signals, one or more timers, or any
combination thereof, to determine whether an unexpected event has occurred during said
executing of the recipe. The cooking appliance can execute the exception catching logic to
recover from the unexpected event.

[00177] In some embodiments, the recipe specifies one or more heating logic configuration
parameters to retrieve from an operating user. In these embodiments, when executing the
recipe, the cooking appliance can prompt, via an output component or a network interface of

the cooking appliance, the operating user to enter the heating logic configuration parameters.
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The cooking appliance can receive, via an input component or the network interface, user
input associated with the heating logic configuration parameters.

[00178] At sub-step 1308, the cooking appliance can configure one or more heating
elements of the cooking appliance in accordance with an initial state of the state machine. At
sub-step 1310, the cooking appliance can detect a state change based on one or more sensor
feeds, one or more timers, one or more user signals, or any combination thereof. At sub-step
1312, the cooking appliance can reconfigure at least one of the heating elements of the
cooking appliance in response to the state change according to the state machine. In some
embodiments, the cooking appliance can reconfigure the heating elements based on the
exception catching logic to recover from the unexpected event.

[00179] During said executing of the recipe, at step 1314, the cooking appliance can record
data from one or more sensor feeds, one or more user signals, or any combination thereof,
relative to the one or more timers. At step 1316, the cooking appliance can prompt for user
feedback after said executing of the recipe. At step 1318, the cooking appliance can send the
tracked sensor data and user-specific data, including the user feedback and other user-related
data determined by the cooking appliance, to a server system for analysis. In various
embodiments, the cooking appliance can also (or alternatively) maintain and analyze user-
specific information.

[00180] FIGS. 14A-14E illustrate an exemplary oven user interface, in accordance with
various embodiments. Referring to FIG. 14A, an oven user interface may include options to
display predetermined recipes or prepare a new recipe from scratch. Preexisting recipes may
include, for example, recent cooks stored in a memory of the oven, an identification of
favorite recipes identified by the use, or recipes associated with meals ordered from vendors
(e.g., through a subscription service). In one embodiment, the oven user interface steps a user
through the creation of a recipe from scratch, such as by providing the user with categories
and subcategories of available ingredients. In various embodiments, the recipe may include
oven operating instructions (e.g., temperature, cooking time, etc.), or the oven may generate
oven operating instructions from the recipe.

[00181] Referring to FIG. 14B, an exemplary user interface for implementing a cooking
process is illustrated, in accordance with various embodiments. As illustrated, the user
interface walks the user through the cooking process. The user may adjust options for each
ingredient, which allows the user to modify the recipe in accordance with user preferences or

in accordance with constraints of the ingredients or cooking instruments available to the user.
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[00182] Next the user interface guides the user through arrangement of the food on the tray
and placement of the meal in the oven. In various embodiments, the tray can be made of glass
or other material that includes an optically transparent region enabling visible light to
substantially travel through two opposing surfaces of the tray. The tray may be used with
instructions to aid the user in the preparing the food according to the recipe. For example, a
meal kit may include a meal preparation instruction sheet that indicates a desired location for
placing the edible substance(s) on the tray. The user of the cooking appliance can place the
meal kit instruction sheet beneath the glass tray while arranging the edible substance(s)
received from the meal kit on the tray as indicated on the instruction sheet. In some
embodiments, the user can directly overlay specific edible substance(s) at desired location(s)
as illustrated on the meal kit instruction sheet. In alternate embodiments, instructions may be
presented to the user through the user interface that includes an image of the tray with labeled
zones and an animation of food being placed at desired locations within those zones.

[00183] In various embodiments, the user may select between a normal cooking mode and a
fast cooking mode. The user interface displays feedback and status information to the user
during cooking and a resting or cool down period and notifies the user when the meal is done.
[00184] Referring to FIG. 14C, in various embodiments the user may instruct the oven to
perform additional cooking operations in accordance with user preferences. For example, the
user may be presented with a “touch up” option allowing the user to increase the sear or
doneness of the meal. In one embodiment, as illustrated in FIG. 14C, the user may select one
or more ingredients for additional cooking (e.g., by presenting the user through a user
interface with a list of ingredients in the recipe). The computing device of the cooking
appliance may then provide the user with instructions on suggested food modifications (e.g.,
remove all ingredients from tray except the items that require more cooking) and placement
of the items to be further cooked within the oven. The user may also indicate a type of
heating algorithm to apply (e.g., sear or doneness) and a level of doneness (e.g., a time or end
result). In one embodiment, the user feedback is tracked and associated data is stored with the
recipe to automatically perfect the sear or doneness when the recipe is executed in the future.
[00185] The user may then provide feedback to the oven as illustrated, for example, in FIG.
14D. The feedback may be used in various embodiments to adjust the recipe in accordance
with user preferences for future meal preparation. In some embodiments, the computing
system of the cooking appliance tracks the user interactions (e.g., touch up interactions to
increase the sear or doneness) and user feedback and adjusts the stored recipe to achieve the

user’s desired result in future implementations of the recipe. As illustrated in FIG. 14D, the

53



WO 2019/033089 PCT/US2018/046400

user feedback may include a “like” or “dislike” input, with further prompts requesting
additional feedback regarding why the recipe was liked or disliked (e.g., “sear was terrible,”
“doneness was off,” “just didn’t like it”). In response to the user feedback, the computing
system may implement solutions to address the user’s feedback. For example, the next time
the user selects the recipe, the computing system may suggest recipe adjustments to address
the user feedback concerns or suggest an alternate recipe from the cloud recipe store (e.g.,
based on similar feedback from other users). In some embodiments, the user feedback on a
recipe downloaded from the cloud recipe store (or other recipe server) is combined with
feedback from other users to give the recipe a community user rating, resulting in a ranking
or identification of highly and lowly rated recipes in the cloud recipe store. The cloud recipe
server may prominently feature highly rated recipes to users, while deemphasizing poorly
rated recipes.

[00186] In some embodiments, the user feedback is used to assist the user in generating self-
curated recipes, by tracking and implementing user selected recipe changes and suggesting
recipe changes from a recipe knowledge based (e.g., the cloud recipe server). The ability of a
cooking appliance to adjust to user feedback increases user satisfaction with the oven and the
confidence of an unskilled user in preparing complex meals. The user feedback may also be
used to generate community consensus about a recipe from a recipe server such that highly
rated recipes are prominently displayed to users over lower rated recipes.

[00187] Referring to FIG. 14E, the oven user interface may include additional options, such
a manual cooking option and oven settings adjustment. The manual cook option may include
cooking options used for various types of ovens, for example, options to instruct the oven to
bake, roast, broil, toast, reheat, keep warm and defrost food. Exemplary displays for baking,
broiling, reheating and keeping food warm are illustrated in FIG. 14F. In various
embodiments, the oven settings may include options such as Wi-Fi network connections,
cook history, maintenance, input/output controls (e.g., sounds, display options) and user
account information.

[00188] Referring to FIGs. 15A-C, an embodiment of a user interface for selecting heating
elements and wavelengths will now be described. In various embodiments, each of the
heating elements can separately reach the full power that the power source (e.g., a wall outlet)
can provide, and the cooking appliance includes power control systems and/or processes to
modulate the power draw such that the total power that is drawn from all heaters doesn’t
exceed the total amount of power that the power source can provide. The maximum amount

of power available to the power source may be a function of maximum amount of current that
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can be drawn (e.g., in a residential 120 V outlet in the United States). Further, there is a
correlation between the power drawn by each individual heating element and the wavelength
of light produced. More power to a heating element produces shorter wavelength.

[00189] In some embodiments, certain advanced user interface components, such as power
control components, may be accessed through a “chef mode” that provides a flexible user
interface for creating user-generated recipes. The “chef mode” may include one or more
budget indicators for allocating system resources, which indicator may indicate the maximum
available amount, or budget, of one or more system resources, such as power budget, current
budget, total energy budget, and/or average power budget. In some embodiments, the user
(e.g., an experienced chef) may desire to heat food with relatively gentle heat from longer
infrared wavelength, and the cooking engine/power control algorithm would operate the
heating elements at a low duty cycle with a low cycle period. In other words, fractions of a
second pulses spaced seconds apart. In some cases, the pulses may be millisecond sized
pulses spaced hundreds of milliseconds apart.

[00190] If it is desirable to hit an edible substance with a relatively short wavelength, but not
with a high power density, then an appropriate control algorithm may apply short bursts of
full power (short wavelength) of several seconds each but spaced out at longer intervals to
maintain the average power draw within an available range (i.e., relatively low duty cycle
with a large cycle period).

[00191] Referring to FIGs. 15A-C, in some embodiments the cooking zones are illustrated
graphically to the user through the user interface, mobile app or other device. The cooking
zones may further include a graph indicating the total power budget (or other budgets, if any,
used by the system). When the power budget is exceeded, the settings may either be
automatically edited or the user can be notified that a change is necessary to rebalance the
power budget again. The interface may further include a user interface that shows the amount
of power that would be programmed into each heater in its respective zone. The user
interface can additionally use human intuition by positioning the top heater controls above
the cooking target and lower heater control is below the cooking target for each zone as
illustrated in Fig. 15. In some embodiments, the interface may indicate the power draw in
gradations of red, orange, or yellow colors, or making references to cooking ranges with the
low/medium/high settings.

[00192] The multispectral heating element approach of the present disclosure operates
differently than conventional ovens. Conventional ovens operate by trying to hold a set

interior air temperature. These conventional ovens have a simple control, which is the
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amount of heat to maintain within the oven—the oven can heat up fat, not heat up, or
maintain a temperature in-between. Conventional ovens also don’t have different heating
zones, so the concept of a power budget isn’t relevant. In a conventional oven, all or subset
of elements are always heated with some pre-determined pattern in order to maintain the most
uniform possible interior temperature distribution in the cooking chamber. Maximum power
means the entire chamber increases temperature at the fastest rate possible.

[00193] While conventional ovens heat a chamber uniformly, the multi-zone cooking
approach disclosed herein allows for non-uniform heating—where different food in different
zones can experience dramatically different heat. In one embodiment, any of the six heating
element in a cooking chamber can take on up to 100% of the power available to the entire
oven. This results in the most extreme uneven distribution of heating possible in the chamber.
[00194] A chef designing a recipe using the multi-zone cooking of the present disclosure
may want to exert maximum control of the heaters to optimize cooking. In various
embodiments, the user interface includes a “chef mode™ allowing the user to control the
individual heaters (e.g., heating components 112 of FIG. 1 or heating/cooling elements 212 of
FIG. 2) and/or heating zones if desired. Using the “chef mode,” the user is presented with
one or more budget indicators for allocating system resources for use in cooking, including
multi-zone cooking, such as power budget, current budget, total energy budget, and/or
average power budget. For example, in some embodiments any one heater in the cooking
chamber can consume up to 100% of the total available power to all heaters at any given step
in a heating algorithm (e.g., a time or set of times at which one or more heaters is consuming
some or all of the total available system resource, or none of such system resource), and
setting that one heater to maximum power means that all other heaters are powered to almost
zero power. If the heaters are configured to enable multi-zone cooking, allocation of 100%
of the available power to one heater allows the cooking appliance to direct power
substantially differently to different cooking zones, allowing the food items in the zone to
which the power is being directed to be cooked disproportionately more than the food items
in the zone(s) to which power is not being directed, which ultimately enables the cooking
appliance to complete the cooking of food items located in different zones at substantially the
same time. As another example, setting one heater to 50% of the total available power may
mean that the remaining heaters combined can only consume up to the 50% remaining total
available power. Referring to FIG. 15, embodiments of screenshots of two different
implementations manual heater control are illustrated. In various embodiments, the cooking

appliance can automatically adjust the allocation of the system resource to the heaters in
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accordance with the system resource budget and user multi-zone settings, which settings may
include restrictions on the amount of heat that may be directed to a given zone at a given
time, and hence to the amount of one or more system resources that may be allocated to one
or more heaters.

[00195] In various embodiments, the cooking appliance includes a “chef mode”™ of operation
that allows the user to create, modify and/or select a heating algorithm and/or a recipe. The
heating algorithm is operable to selectively regulate the allocation of system resources (e.g.,
power received from power source 260 of FIG. 2), such as power, current, or energy, to one
or more of the heating elements (e.g., heating/cooling elements 212 of FIG. 2) within the
budget of the system resources that is available to the heating elements collectively, and use
this heating algorithm to achieve one or more desired cooking outcomes. The creation and/or
modification capabilities of “chef mode™ may be instantiated in a user interface that provides
to the user an indication of the budget of one or more system resources and/or an indication
of the allocation of system resources to one or more heating elements at one or more steps in
the heating algorithm, and facilitates user adjustment of the system resources to be delivered
to each of the heating elements throughout execution of the recipe.

[00196] In various embodiments, a “chef mode™ user interface may be configured to include
indicators of system resource usage but not power budget usage, but such indicators may
nevertheless enable or require the user of “chef mode” to utilize a certain maximum amount
of a system resource. In some embodiments, a “chef mode™ user interface may require a user
that is creating or modifying a recipe in “chef mode” to allocate 100% of a total available
current budget to one heater out of a set of two or more heaters at any given step in the
heating algorithm, allowing the user to allocate the total budget to different heaters at
different steps, but requiring use of the total available current budget in each step. In other
embodiments, the “chef mode” user interface may impose the same requirements as set forth
in the foregoing sentence, except that the interface will also permit the user to allocate 0% of
the available current budget to all of the heaters at any given step in the heating algorithm.
[00197] In some embodiments, in lieu of or in addition to indicating the total available
system resource budget to a user, the “chef mode™ user interface may permit the user to
attempt to ostensibly allocate more than the total available system resource budget to one or
more heaters at a particular step in the heating algorithm. A computing or processing system
with which the user interface communicates may recognize the user’s attempt to allocate
more than the total available system resource budget during the particular step, calculate an

alternative means of achieving the substantially the same results that would obtain if the
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additional system resources (in excess of the total available budget) were be available,
automatically modify the heating algorithm to implement such alternative means, notify the
user that the alternative means of achieving the results will be used in lieu of the user-desired
means of allocating more than the available system budget, and notify the user of the effect of
using the alternative means. For instance, if the user attempts to allocate 100% of the total
available power budget to each of two heaters in a given step, the computing or processing
system may determine that, to achieve substantially the same desired result, 100% of the total
available power budget should be allocated to the first of the two heaters during such step,
and 100% of the total available power budget should be allocated to the second of the two
heaters during the immediately subsequent step, and the user would be notified via the user
interface that the alternative means of achieving the desired will be used in the heating
algorithm, and that the ramification of using the alternative means is that the recipe
instantiated by the heating algorithm will take a five additional seconds to complete. In such
embodiments, the cooking appliance may provide indications to the user concemning the
available budget, recipe outcomes and/or automatically adjusts and balances the heating
algorithm, and hence the recipe, to stay within the available power budget.

[00198] In some embodiments, the interface allows for the selection, creation and/or
modification of a heating algorithm and includes a system resource allocation interface for
selectively and interactively specifying the delivery of that system resource (i.e. the amount
of that system resource to deliver) to each of the heating elements during the execution of the
recipe. The “chef mode™ interface allows the user to review the steps of a heating algorithm,
whether recipe creation is complete or in-process, and the interface may provide an indication
of the system resource usage status to the user, including an indication of the total available
system resource budget, an indication of the total remaining system resource budget and/or an
indication of a the system resource usage by each heater during each step of recipe. In some
embodiments, the “chef mode” projects a recipe outcome (e.g. an set of states of food cooked
by the cooking appliance using the recipe at the termination of the execution of the recipe,
such as states relating to temperature of the food at one or more internal locations, surface
color and/or texture of the food, juiciness of the food, and so on) based on the user-
configured allocation of system resources throughout the recipe, and provides the user with
an indication of the statuses of the system resource as well as an indication of an effect of the
user-configured system resource allocation on the recipe outcome. The indication may
include a warning, indication of heating algorithm modifications made by the cooking

appliance, and/or provide the user with an interface to make further adjustments in response
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thereto. In some embodiments, the recipe is adjusted in view of the projected recipe
outcome, the desired recipe outcome and/or power budget status, and adjustments may
include, for example, an adjusted cooking time and/or other recipe adjustments.

[00199] In various embodiments, the “chef mode™ user interface provides the user with an
option to select at least one template of a means to implement a heating algorithm that is
operable to selectively regulate the allocation of system resources, and then modify one or
more aspects the template. The template may be associated with a full recipe or a set of one
or more components a recipe associated with one or more cooking events. Templates may be
stored locally on the cooking appliance or downloaded from a server (e.g., a recipe server).
After the user has elected a template, the user may edit it by adjusting the allocation of
system resource delivery to one or more heaters in one or more steps as described herein.
[00200] In various embodiments, the user interface may include a “simulate cook™ feature
that allows a user to test how the “‘chef mode™ user-generated recipe will cook certain food(s).
The user can select the food(s) that the user-generated recipe is to be tested against, and the
system will simulate the outcome (e.g. the state(s) of the food at the conclusion of the
execution of the recipe), providing information and statistics about the simulated outcome,
such as information regarding sear level, distribution of internal temperature, cook time,
internal moisture content, etc. The information can be quantitative or qualitative (with
respect to the latter, e.g., it could compare the sear to sears obtained via canonical cooking
methods, or compare the juiciness to a type of food cooking using a particular and familiar
method, e.g. fried chicken). In some embodiments, the system may also simulate the state(s)
of the food(s) at one or more points in time during the execution of the recipe, but prior to the
conclusion of the execution of the recipe. The system may include a capability (e.g., a user
interface) that allows the user to associate the simulated state(s) of the food(s), and the point
in time at which the state(s) obtain, with a step in the user-generated recipe, and allow the
user to modify the recipe in “chef mode™ in light of the simulated state(s).

[00201] Referring to FIG. 16, an embodiment of a method 1600 for allocating system
resources for operation of the cooking appliance will now be described. The method 1600
may be implemented by the systems disclosed herein (e.g., system 100 of FIG. 1, cooking
appliance 200 of FIG. 2), to allocate resources (e.g., power received from power source 260)
to a plurality of heating elements (e.g., heating components 112 of FIG. 1, heating/cooling
elements 212) during execution of a heating algorithm (e.g., by cooking engine 116 of FIG. 1,
cooking engine 270 of FIG. 2). In various embodiments, the user interactions may be

facilitated using the user interfaces disclosed herein.
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[00202] In step 1602, the cooking appliance receives one or more system resources (e.g.,
power, current, energy), each of the one or more system resources having an associate
budget. For example, a cooking appliance may receive electrical power from an electrical
outlet, input to the cooking appliance through a power supply (e.g., power source 260 of FIG.
2).

[00203] In step 1604, a user interface is provided to facilitate user configured allocation of
one or more of the system resources to a plurality of heating elements without exceeding any
associate budget for one or more system resources. In various embodiments, the result of the
user interaction is a recipe and/or heating algorithm to be executed by the cooking engine to
cook one or more food substances. In some embodiments, the user is provided an indication
of the associated budget, such as an indication of the available system resource budget
remaining and/or an indication of a current system usage during operation of one or more
heating elements.

In some embodiments, the computing components of the cooking appliance (e.g., controller 220
and memory 230 of FIG. 2) are operable to project a recipe outcome based on user-configured
allocation of a budgeted system resource to the plurality of heating clements (¢.g., quartz-
tungsten-halogen heaters). The indication of the associated budget may include an indication
of an effect of the user-configured allocation of the system resource on the recipe outcome.
The computing components may also adjust the heating algorithm in view of a projected recipe
outcome and/or budgeted system resources. In some embodiments, the indication to the user of
budgeted system resources includes an adjusted cooking time and/or other recipe
adjustments.

[00204] In various embodiments, the computing components are further operable to
facilitate user-configured allocation of a system resource to the plurality of heating elements
to heat a plurality of zones within a multi-zone cooking chamber. The control components
may include logic and circuitry to facilitate automatic allocation of one or more system
resources to the plurality of heating elements in accordance with the associated budgets
and/or user settings.

[00205] The system resources are then applied in step 1606 to the plurality of heating
elements to heat one or more food substances within a cooking chamber in accordance with
the heating algorithm. For example, the heating elements may comprise (or be controlled by)
control components that receive electrical power from an external resource and allocate the

received electrical power between the heating elements to implement the heating algorithm.
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[00206] In step 1608, delivery of the one or more system resources to one or more of the
heating elements is regulated such that no more than the associated budget of each of the one
or more system resources is delivered to the plurality of heating elements during execution of
the heating algorithm. For example, the cooking appliance may be regulate to operate within
system power constrains as indicated by the associated resource budget. In various
embodiments, the cooking chamber includes a plurality of cooking zones and the heating
elements are selectively operable to heat one or more food substances within each of the
plurality of cooking zones. In some embodiments, the computing components execute the
heating algorithm to cook at least one food substance in the cooking chamber, detect a state
change of the at least one food substance, and modify the heating algorithm during the cook
to reconfigure the system resources supplied to one or more heating elements in response to
the state change and in accordance with the associated budgets for the system resources.
[00207] Some embodiments of the disclosure have other aspects, elements, features, and
steps in addition to or in place of what is described above. These potential additions and
replacements are described throughout the rest of the specification. Reference in this
specification to “various embodiments™ or “some embodiments’ means that a particular
feature, structure, or characteristic described in connection with the embodiment is included
in at least one embodiment of the disclosure. Alternative embodiments (e.g., referenced as
“other embodiments™) are not mutually exclusive of other embodiments. Moreover, various
features are described which may be exhibited by some embodiments and not by others.
Similarly, various requirements are described which may be requirements for some
embodiments but not other embodiments.

[00208] While some embodiments of the disclosure include processes or methods presented
in a given order, alternative embodiments may perform routines having steps, or employ
systems having blocks, in a different order, and some processes or blocks may be deleted,
moved, added, subdivided, combined, and/or modified to provide alternative or
subcombinations. Each of these processes or blocks may be implemented in a variety of
different ways. In addition, while processes or blocks are at times shown as being performed
in series, these processes or blocks may instead be performed in parallel, or may be
performed at different times. When a process or step is “based on™ a value or a computation,
the process or step should be interpreted as based at least on that value or that computation.
[00209] Some embodiments of the disclosure have other aspects, elements, features, and
steps in addition to or in place of what is described above. These potential additions and

replacements are described throughout the rest of the specification.
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[00210] Examples

1. A cooking system comprising:

a cooking chamber;

a plurality of heating elements arranged within the cooking chamber;

a control system operable to selectively activate one or more of the heating elements
in accordance with a recipe, the recipe comprising cooking logic and a heating adjustment
algorithm; and

a user interface operable to enable user configuration of the cooking system,
including selecting, creating and/or editing the recipe, the cooking logic and/or the heating

adjustment algorithm.

2. The cooking system of example 1, further comprising at least one sensor

operable to transmit state information to the control system during execution of the recipe.

3. The cooking system of example 2, wherein the sensor comprises a visible light

imaging component, an infrared imaging sensor, and/or a temperature sensor.

4. The cooking system of example 1, wherein the control system further
comprises communications components facilitating communications with a network server

and/or mobile device.

5. The cooking system of example 4, wherein the control system is operable to
receive the recipe from the network server, facilitate user selection of a recipe, facilitate user

creation of a new recipe, and/or edit the recipe.

6.  The cooking system of example 1 wherein the recipe includes a user
instruction associated with a cooking state; and wherein the user instruction is displayed to

the user after detection of the cooking state.
7. The cooking system of example 6, wherein a cooking state is determine as

function of one or more sensor feeds, one or more timers, one or more user signals, and/or

any combination thereof.
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8. The cooking system of example 1 wherein sensors include a temperature
probe inserted into a food substance, a temperature sensor in the cooking chamber, a camera

attached within the cooking chamber, and/or any combination thereof.

9. The cooking system of example 1, wherein a user interface is facilitated
through a mobile device communicably connected to the cooking system, a button on an
external shell of the cooking system, a touchscreen on an external shell of the cooking

system, and/or any combination thereof.

10. The cooking system of example 1, wherein the user interface is operable to
provide a recipe creation mode allowing a user to define a recipe, including control of heating

elements.

11.  The cooking system of claim 10, wherein the recipe creation mode includes a
simulator for testing a recipe against a known food profile, the simulator operable to provide
a visual simulation of a target food and a temperature simulation of the target food; and

presenting the simulation via the recipe design interface.

12.  The cooking system of example 11, wherein the known food profile specifies
how the target food transforms visually in response to ambient or internal temperature change

and heat capacity and conductance characteristics of a unit amount of the target food.

13.  The cooking system of example 12, wherein the control system is further
operable to:

receive a recipe and associated cooking logic from an external device, wherein the
cooking logic includes heating logic represented as a state machine;

execute the cooking logic in the cooking appliance in response to a user input,
including configuring one or more heating elements of the cooking appliance in accordance
with an initial state of the state machine; detecting a state change based on one or more
sensor feeds, one or more timers, one or more user signals, or any combination thereof; and
reconfiguring at least one of the heating elements of the cooking appliance in response to the

state change according to the state machine.
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14. The cooking system of example 13, wherein the control system is further
operable to detect placement of food into the cooking appliance, and wherein the cooking

logic is executed in response to said food placement.

15. The cooking system of example 14, wherein said detecting is by a camera
disposed in the cooking appliance, a weight sensor, a temperature probe connected to the
cooking appliance, a mechanical connection sensor of a door of the cooking appliance, or any

combination thereof.

16. The cooking system of example 14, wherein the cooking logic includes an
exception catching logic that monitors one or more sensor feeds, one or more user signals,
one or more timers, or any combination thereof, to determine whether an unexpected event

has occurred during said executing of the cooking logic.

17. The cooking system of example 16, further comprising reconfiguring the

heating elements based on the exception catching logic to recover from the unexpected event.

18. The cooking system of example 1, wherein the recipe specifies one or more
meal kit package identifiers associated therewith, and the method further comprising
detecting, via a camera of the cooking appliance, an optical label; and determining whether

the optical label corresponds to at least one of the meal kit package identifiers.

19.  The cooking system of example 13, wherein the cooking logic specifies one or
more cooking logic configuration parameters to retrieve from an operating user; and the
method further comprising:

prompting, via an output component or a network interface of the cooking appliance,
the operating user to enter the cooking logic configuration parameters; and

receiving, via an input component or the network interface, user input associated with

the cooking logic configuration parameters.
20. The cooking system of example 13, wherein the recipe specifies two or more

operation modes and two or more cooking logic modes associated with the operation modes;

wherein the operation modes include a low stress mode and a high speed mode, wherein the
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high speed mode requires an operating user of the cooking appliance to extract a target food

from the cooking appliance at a specific time determined by the cooking logic.

21. The cooking system of example 1, further comprising:
recording data from one or more sensor feeds, one or more timers, one or more user
signals, or any combination thereof, during said executing of the cooking logic; and

sending the recorded data to a server system for analysis.

22. The cooking system of example 24, further comprising;
prompting user feedback after said executing of the cooking logic; and sending the user

feedback with the recorded data to the server system for analysis.

23. The cooking system of example 1, wherein the heating elements are quartz

tube heating elements.

24, The cooking system of example 1, further comprising a user display disposed
on an exterior side of the chamber and/or a user mobile device; and wherein the display is
operable to display a real-time image and/or video of the interior of the chamber captured via

the camera.

25. The cooking system of example 1, wherein the heating elements include one
or more frequency-controllable filament assemblies at one or more locations in the chamber;
and wherein each of the one or more frequency-controllable filament assemblies is capable of

independently adjusting an emission frequency and/or an emission power.

26. The cooking system of example 1, further comprising a computing device
operable to analyze an image from the camera to determine cooking status and preparation

outcomes.

27. The cooking system of example 1, wherein the computing device is coupled to
a memory; and wherein the computing device is operable to select a heating recipe from a
heating recipe library stored in memory based on received recipe information associated with

an external event.
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28. The cooking system of example 1, wherein the computing device is operable
to execute a heating configuration schedule by controlling the heating elements according to

the heating recipe.

29. The cooking system of example 1, further comprising a display and an input
component; wherein the computing device is operable to display the heating recipe for
confirmation; and wherein the input component is operable to receive the confirmation when

the heating recipe is displayed.

30. A method comprising;

executing a recipe on a cooking appliance to cook a food substance, the cooking
appliance comprising a cooking chamber, a plurality of heating elements disposed within the
cooking chamber, and a control system operable to selectively activate each of the heating
elements in accordance with the recipe;

providing an indication to a user that execution of the recipe has stopped;

receiving, from the user, a corrective action including selective activation of one or
more heating elements; and

executing the corrective action to further cook the food.

31. The method of example 30, further comprising transmitting an image and/or

video of the food substance to a user interface.

32. The method of example 30, further comprising stopping execution of the
recipe when execution of the recipe has completed, after detecting a certain event, and/or
after receiving, through a user interface, user intervention to pause or terminate the recipe

execution.

33. The method of example 30, further comprising transmitting sensor data to the
user, wherein the sensor data includes temperature data from a temperature probe and/or

image data from an in-oven camera.

34. The method of example 30 wherein the cooking appliance executes the
corrective action in accordance with user-specified preferences regarding the food substance

being cooked, community preferences regarding food substance being cooked, user or

66



WO 2019/033089 PCT/US2018/046400

community preferences generally, data regarding user or community tendency to make

certain errors, and/or data regarding how a specific ingredient tends to cook.

35. The method of example 30 wherein the user has an option to repeat same or

different corrective action until desired outcome is achieved.

36. The method of example 30 further comprising re-configuring one or more

heating elements to apply the corrective action to further cook the food substance.

37. An apparatus comprising:

a cooking chamber;

a plurality of heating elements arranged within the cooking chamber;

a control system operable to selectively activate each of the plurality of heating
elements to cook a food substance in accordance with a recipe, wherein the recipe includes
cooking logic and/or heating algorithms for execution by the control system, and an
identification of ingredients, preparation instructions, cooking states, cooking temperature,
wavelength and/or cooking time; and

a recipe generation interface operable to select and modify the recipe in accordance

with user input.

38. The apparatus of example 37 wherein the recipe generation interface is further

operable to analyze the user modified recipe and notify the user of expected cooking results.

39. The apparatus of example 38, wherein the recipe generation interface is further
operable to annotate the analyzed recipe to indicate information concerning respective phases

of the cook.

40. The apparatus of example 37, wherein the recipe generation interface is

operable to copy the selected recipe to generate a new recipe for modification by the user.
41. The apparatus of example 37, wherein the recipe is associated with a meal kit,

including a collection of ingredients for the recipe; and wherein the user modifies the selected

recipe by changing, adding and/or subtracting at least one ingredient.
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42. The apparatus of example 37, wherein the recipe generation interface is
operable to adapt the cooking logic and/or heating algorithm to user implemented changes to

the recipe.

43. The apparatus of example 42, wherein the recipe generation interface is

operable to adjust the cooking zone in which the food substance is placed.

43. The apparatus of example 37, wherein the recipe generation interface is

operable to download a copy of the recipe from a network device for modification by user.

44. The apparatus of example 37, wherein the recipe generation interface is
operable to provide an interface facilitating user modification of the heating algorithm to

selectively regulate one or more of the heating elements to achieve a desired cooking result.

45. The apparatus of example 44, wherein the recipe generation interface is
operable to provide an indication of the power used by each heating element at one or more

time slices during execution of the recipe.

46. The apparatus of example 37, wherein the recipe is a multizone recipe
selectively operating each of the heating elements within the cooking chamber to separately

cook a plurality of food substances.

47. The apparatus of example 37, wherein recipe generation interface is operable
to combine and facilitate modification of two or more recipes, cooking algorithms and

heating algorithms to perform various cooking functions within the recipe.

48. The apparatus of example 37, wherein the recipe includes error detection logic
operable to define proper probe placement, tray height, food preparation and/or food

placement and detect errors during execution of the recipe.

49. The apparatus of example 37, wherein the recipe generation interface is further
operable to compute a simulation of the recipe against a known food profile, the simulation
including a visual simulation of a target food and a temperature simulation of the target food;

and
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presenting the simulation via the recipe generation interface.

50. The apparatus of example 49, wherein the recipe generation interface is further
operable to provide access to one or more heating logic templates defining a heating logic

sequence.

51. A cooking system comprising:

a cooking chamber;

a plurality of heating elements arranged within the cooking chamber;

a control system operable to selectively activate one or more of the heating elements
in accordance with a recipe, the recipe comprising cooking logic for cooking a food
substance; and

error detection logic operable detect one or more errors in execution of the recipe.

52. The cooking system of example 51, wherein the error detection logic is further
operable to define proper probe placement, tray height, food preparation and/or food

placement and detect errors during execution of the recipe.

53. The cooking system of example 51, further comprising a camera operable to
image the food substance during execution of the recipe, and wherein the error detection

logic is operable to detect errors by analyzing images received from the camera.

54. The cooking system of example 51, wherein error detection logic is operable

to detect tray height and generate an error if a minimum or defined tray height is not detected.

55. The cooking system of example 54, further comprising a camera disposed
within the cooking chamber to image a portion of the cooking chamber; wherein image data

is analyzed to detect error conditions.

56. The cooking system of example 51, wherein the error detection logic is further

operable to notify the user of corrective action to fix the detected error.

57. The cooking system of example 56, wherein the error detection logic is

operable to detect whether an error has been corrected.
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58. The cooking system of example 56, wherein execution of a recipe is paused

until the detected error has been addressed by the user.

59. The cooking system of example 58, wherein the user may manually override a

detected error condition and continue execution of the recipe.

60. The apparatus of example 51, wherein the control system is operable to

automatically adapt the recipe to correct for certain detected errors.

61. A system comprising:

a configurable cooking apparatus comprising a cooking chamber, a plurality of
heating elements arranged within the cooking chamber, and a control system operable to
selectively activate each of the plurality of heating elements in accordance with a recipe;

a user interface providing user interaction with the configurable cooking apparatus,
wherein the user interface includes user specific information and configurations and/or
activity;

an association logic to associate devices in the system; and

prioritization means for prioritizing recipes on devices associated with the user.

62. The system of example 61, wherein association logic includes user name and

password, stored on a network server.
63. The system of example 62, wherein the network server automatically
downloads user recipe information to the configurable cooking apparatus based on

ingredients purchased, meal kit ordered, online browsing history and/or user preferences.

64. The system of example 63, wherein the interface devices includes computer,

phone, tablet, or wearable device.

65. The system of example 63, wherein user interface includes touchscreen, oven,

phone.
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66. The system of example 63, wherein a recipe of interest includes favorites

and/or preferences and/or inferred from browsing activity.

67. The system of example 63, wherein most interesting item is the meal kit that’s

been ordered by the user via oven, computer, phone, etc.

68. The system of example 63, wherein timing of prioritization onto interface is

synced with shipping/delivery data.

69. The system of example 61, further comprising:

compiling an error history based on the detected user errors;

modifying user recipes in accordance with expected user errors; and
modifying global recipes in accordance with expected errors generated by a

plurality of users according to the state change history.

70. A cooking apparatus comprising:

a cooking chamber;

a plurality of heating elements arranged within the cooking chamber; and

a control system operable to selectively activate each of the plurality of heating
elements in accordance with a recipe;

wherein the control system is operable to determine an end of a cook, collect data
associated with cook, analyze collected data and compare to expected recipe outcomes, and

adjust the recipe in accordance with the analysis.

71. The cooking apparatus of example 70, wherein the recipe is adjusted for the

user and stored on the cooking apparatus and/or transmitted to a recipe server.
72. The cooking apparatus of example 70, wherein the recipe is adjusted globally
at a recipe server and wherein recipe changes are provided to other configurable cooking

devices.

73. The cooking apparatus of example 70, wherein the expected results are

determined based on community data regarding outcomes of same and similar cooks.
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74. The cooking apparatus of example 70, wherein the user is informed about user

errors detected during the cook.

75. The cooking apparatus of example 70, wherein collected data includes user

feedback on the results of the cook.

76. The cooking apparatus of example 70, wherein the collected data includes
cooking states, wherein cooking states comprises starting and ending temps, surface qualities
and heights, temperatures and surface qualities, amount of time the cook took, and/or amount
of time it took to hit certain milestones such as temps and surface qualities and heights within

the cook.

77. The cooking apparatus of example 70, wherein after cook is complete,

presenting a user interface to solicit user feedback.

78. The cooking apparatus of example 77, wherein user feedback can be entered at

a time after the cook.

79. The cooking apparatus of example 70, wherein the control system is operable
to store data in a database regarding types and frequency of user errors, and wherein the

recipe is adjusted to account for at least one expected user error.

80. The cooking appliance of example 70, wherein user interactions include audio

interactions.

81. The cooking appliance of example 70, wherein at least one error is detected

using machine vision.
82. The cooking appliance of example 70, wherein the database stores information

regarding types and frequency of errors and the recipe is adjusted based on the stored

information.
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83. The cooking appliance of example 70, wherein the control system is operable
to analyze a likelihood that a particular error led to poor feedback or poor outcome, in light of

the database information, user feedback and/or the data collected during the cook.

84. The cooking appliance of example 70, wherein the control system is operable
to present the user with a list of errors detected during the cook, and wherein the list is ranked
from errors that are more likely to affect the cooking result to errors are less likely to affect

the cooking results.

85. The cooking appliance of example 70, wherein the control system is operable
to track user behavior across multiple cooks, analyze collected data, user feedback and
control system feedback to user regarding prior errors, and present the user with updated

instructions to correct user errors to improve cooking results.
86. The cooking appliance of example 70, wherein the control system is further

operable to prompt user feedback after said executing of the cooking recipe, and send the user

feedback with the recorded data to the server system for analysis.
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Claims

What is claimed is:

1. A cooking appliance comprising:

a cooking chamber;

a plurality of heating elements operable to heat one or more food substances within
the cooking chamber;

inputs operable to receive one or more system resources for the plurality of heating
elements, each system resource having an associated budget;

control components operable to selectively regulate delivery of the one or more
system resources to one or more of the heating elements;

a user interface operable to allocate one or more of the system resources to the
plurality of heating elements within the budget associated with each allocated system
resource; and

computing components comprising logic to ensure the control components deliver
no more than the associated budget for each of the one or more system resources to the

plurality of heating elements.

2. The cooking appliance of claim 1, wherein one of the one or more system resources is

power, current or energy.

3. The cooking appliance of claim 2, wherein one or more system resources comprises power
and the control components comprise power control components; and wherein the power
control components are operable to receive electrical power from an external resource and
allocate the received electrical power between the plurality of heating elements to implement
a heating algorithm, the power control components comprise power control logic for tracking
power usage for each of the heating elements and selecting one of the plurality of heating

elements for activation.

4. The cooking appliance of claim 2, wherein one or more system resources comprises power
the control components are power control components; and wherein the power control
components are operable to regulate received electrical power in accordance with system

power constraints as indicated by the associated budget for the resource.
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5. The cooking appliance of claim 1, wherein the cooking chamber includes a plurality of
cooking zones; and wherein the heating elements are selectively operable to heat one or more

food substances within each of the plurality of cooking zones.

6. The cooking appliance of claim 5, wherein a heating algorithm is operable to distribute the
associated budget for one or more system resources across multiple heating elements to
selectively heat one or more food substances within each of a plurality of cooking zones,

without exceeding the associated budget.

7. The cooking appliance of claim 1, wherein the user interface provides an indication to the

user of the associated budget of one or more system resources.

8. The cooking appliance of claim 7, wherein the indication to the user of the associated
budget of one or more system resources comprises an indication of a remaining system
resource budget and/or an indication of a current system usage during operation of one or

more heating elements.

9. The cooking appliance of claim 1, wherein the user interface does not provide an

indication to the user of the associated budget of one or more system resources.

10. The cooking appliance of claim 7, wherein the computing components are operable to
project a recipe outcome based on user-configured allocation of system resources to the
plurality of heating elements; and wherein the indication to the user of the associated budget
of one or more system resources includes an indication of an effect of the user-configured

allocation of the system resource on the recipe outcome.

11. The cooking appliance of claim 10, wherein the computing components are further
operable to adjust a heating algorithm in view of a projected recipe outcome and/or budgeted
system resource status and wherein the indication to the user includes an adjusted cooking

time and/or other recipe adjustments.
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12. The cooking appliance of claim 11, wherein the computing components are further
operable to facilitate user-configured allocation of a system resource to the plurality of

heating elements to heat a plurality of zones within a multi-zone cooking chamber.

13. The cooking appliance of claim 1, wherein the interface facilitates user control of the

heating elements and associated consumption of a system resource.

14. The cooking appliance of claim 1, wherein the control components include logic and
circuitry to facilitate automatic allocation of one or more system resources to the plurality of
heating elements in accordance with the associated budget for one or more system resource

budget and/or user settings.

15. The cooking appliance of claim 1, wherein the heating elements comprise quartz-

tungsten-halogen heaters.

16. The cooking appliance of claim 1, wherein the computing components are further
operable to execute a heating algorithm to cook at least one food substance in the cooking
chamber, detect a state change of the at least one food substance, and modify the heating
algorithm to reconfigure the system resources supplied to one or more heating elements in

response to the state change and in accordance with system resource budget.

17. A method comprising:

receiving one or more system resources, each of the one or more system resources
having an associate budget;

facilitating, via a user interface, user allocation of one or more of the system
resources to a plurality of heating elements without exceeding any associated budget for one
Or more system resources;

applying the one or more system resources to the plurality of heating elements to
heat one or more food substances within a cooking chamber; and

selectively regulating delivery of the one or more system resources to one or more
of the heating elements such that no more than the associated budget of each of the one or

more system resources is delivered to the plurality of heating elements.
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18. The method of claim 17, wherein one of the one or more system resources is power,

current or energy.

19. The method of claim 18, wherein one of the one or more system resources is power;
wherein applying the one or more system resources to a plurality of heating elements
comprises operating power control components to receive electrical power from an external
resource and allocate the received electrical power between the plurality of heating elements
to implement a heating algorithm; and wherein the power control components comprise
power control logic for tracking power usage for each of the heating elements and selecting

one of the plurality of heating elements for activation.

20. The method of claim 18, wherein one of the one or more system resources is power; and
wherein applying the one or more system resources to the plurality of heating elements
comprises operating power control components to regulate received electrical power in

accordance with system power constraints as indicated by the associated budget.

21. The method of claim 17, wherein the cooking chamber includes a plurality of cooking
zones; and wherein the heating elements are selectively operable to heat one or more food

substances within each of the plurality of cooking zones.

22. The method of claim 21, wherein a heating algorithm is operable to distribute the
associated budget of one or more system resources across multiple heating elements to
selectively heat one or more food substances within each of a plurality of cooking zones,

without exceeding the budget.

23. The method of claim 17, wherein the user interface provides an indication to the user of

the associated budget of one or more system resources.

24. The method of claim 23, wherein the indication to the user of the associated budget of
one or more system resources to the user comprises an indication of a remaining system
resource budget and/or an indication of a current system usage during operation of one or

more heating elements.
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25. The method of claim 17, wherein the user interface does not provide an indication to the

user of the associated budget of one or more system resources.

26. The method of claim 17, wherein the computing components are operable to project a
recipe outcome based on user-configured allocation of a budgeted system resource to the
plurality of heating elements; and wherein the indication of the associated budget of one or
more system resource includes an indication of an effect of the user-configured allocation of

the system resource on the recipe outcome.

27. The method of claim 26, wherein the computing components are further operable to
adjust a heating algorithm in view of a projected recipe outcome and/or budgeted system
resource status and wherein the indication includes an adjusted cooking time and/or other

recipe adjustments.

28. The method of claim 27, wherein the computing components are further operable to
facilitate user-configured allocation of a system resource to the plurality of heating elements

to heat a plurality of zones within a multi-zone cooking chamber.

29. The method of claim 17, wherein the interface facilitates user control of the heating

elements and associated consumption of a system resource.

30. The method of claim 17, wherein the control components include logic and circuitry to
facilitate automatic allocation of one or more system resources to the plurality of heating

elements in accordance with the associated budget and/or user settings.

31. The method of claim 17, wherein the heating elements comprise quartz-tungsten-halogen

heaters.

32. The method of claim 17, wherein the computing components are further operable to
execute a heating algorithm to cook at least one food substance in the cooking chamber,
detect a state change of the at least one food substance, and modify the heating algorithm to
reconfigure the system resources supplied to one or more heating elements in response to the

state change and in accordance with the associated budgets for the system resources.

78



PCT/US2018/046400

WO 2019/033089

1728

pel
souenddy

eng

I D4

el
IPIAOL]
JOOI0])

}
i
z€l , o1 an i
ddy g ouiduyg HtEI g swzuoduoy
UL M SUR00} Nouqpasa g suneey
(€1 3DIAS(] J2s} M 011 oouenddy Sunjooy sandepy
m B S — 000 DOD 3K KO0 COD X OO0 OO0 DOOK 100C KO0
01
051 .
NIOMION ARl
PO0
st
UINSAY
JIOPUSA

i Ob 1 b o
oseqele(y 1OAIBS . oseqEiE(]
.8y odizeyy adooy

fo 0c KOO DOOI XOC KOO DOOI XOGK KOO DO 30K

001



PCT/US2018/046400

WO 2019/033089

2128

¢ DI

077 1O

097 S0IN0S IO

8.7 Areaqy adioey

LT By

p£7 owiduy Suryoo)y aandepy

QL7 Suifuyg Sumjeoy

7 o180 ovRLIotu] 105}

787 SO oounyjddy

€7 AIOWSIA

0<z s1suoduio) F0BLINUY J2S()

Op7 S0BLIDIU] SUCTIEOTURIIO )

Q17 S105UDY

G917 seqlid

$17 BIOWED

717 swswsyg Fuijoo y/Suijeal

[

01¢
siuauoduo]) AoBgpes J/SUrioo)

007 ssuerddy Sunjoo) sandepy

(474
ddy )

08T
O0IAN(T 108

4314
asegRIR(Y

RS

767
(67 L aseqele(y
BABS | odooy
adoay




PCT/US2018/046400

WO 2019/033089

3/28

MIBP Io5N
puE rosues ‘ayumiadue
13 A syoen pur 2diosI SMoffoy
aoueidde Suroo)

i
t yeE
t
i

433
adiner s918AN0
PUR pooy

14 odrooy soAINey
aoupipddy

soredoxd 150} Buryoo)y

$1 ¢ 1opdiuos adidoy

91g

vrep odioar pue
BONRZOMOWEYD
Poog

71 € sunpiuoge Sunjooy

.

01 ¢ HOTIRZLISIORIBYD POO,]

R0¢ somsagd puneyy

on¢ aufuyg Sunyoo)y sandepy

PO MOWHOIIATL IS3], UdAD

~
\.\\ re < T
@ 7 Al
e 7 A Y
e U4 Ay
- / 3
- 7 %
wiu.lﬂ_u!uuu.li_uiuuwt&i.uiuuuuuu.aﬁﬁﬁn!ﬁﬁiﬁﬂiilﬂuﬁilﬂaﬂuﬂlﬂaﬁiﬁnaiiuﬁn!ﬂuiinlﬂ_&uo.inlﬂuiinliai
g e 2 % Moo
M gee oL 143 (41}
sadioas sadiday S[2pOIN UOQEINUDDY
obE 1\\\\M AJLEDA MIN Furyooy JHSO))
“
puB sy SeISULD) 21RISHSL) /adiosy

g s mam

0s¢
adivoy
510079<
1287}

-

oo 0an on s Nan OAN MM Man OGN DAY Mar AGA DA MAAT MNA DA MW NG KA M (6AD KON MM DA OAN MG MAN OAD DAN JAGF NAN DAY JAGF HGA DAY MW AGA DAA M 0aa Ban dan ean aaa daX



PCT/US2018/046400

WO 2019/033089

4/28

Vi Did

Oy

aouenddy

N FUP00}

0Zy
IBPLAOLg

Y FEeN

N

9Ty

aseguledy

71y Surddepy

Ty HRAQ-IAT)
SOBJIONI 128} TONBULIOFI] 1380

{1y 1oa198 admay

150
JISE
s e S

(434

osRGUIB(]

Ty
IOPIAGE]
A10010) 3UUD

o

o1y sediooyg rospy {T{ CORFIOIT USAQ)

PTY POOI IDPIO Qup sodioyy 285m0y

01 Susparguy 20In0g 9Oy 807

Yoy ddy we)y

TOb @01A3(J 108}

adooy

N
ettt




WO 2019/033089

5/28

452

5 "

vy

456
457
5

R

<

PCT/US2018/046400

1G. 4B



PCT/US2018/046400

WO 2019/033089

6/28

9

4

I OlId

9%

1oy

o

09y



PCT/US2018/046400

WO 2019/033089

7128

it

avy

O




PCT/US2018/046400

WO 2019/033089

8/28

CIARIE!

(

}

8y



PCT/US2018/046400

WO 2019/033089

9/28

687

7

%

61—

AV "Dl:

3

981

1234



PCT/US2018/046400

WO 2019/033089

10/28

_

Dy

DI

%

1




PCT/US2018/046400

WO 2019/033089

11/28

vs

.

O0IAY(T J2SN)

/

\

ore

gse

& DId




PCT/US2018/046400

WO 2019/033089

12128

9 Ol

719
134398 odIda1 03 DIRZAIOS PUR NORGPDSY 305t pue A1oisny o8upyo
aeys O Surproooe adioar Suriesy oyl yo ssarSoxd Sunensnyjr o[y vIpAU B 2IBISUSD

4L
Azourau [goo] ut uuopejd Sunjoos
o1} 10/PUR I2GUIBD FUT{000 311 *S0URISGNS PO 91 JO AI0IST] SFURYD o1¥1s 1 2101§

urropneid Sunjooo 1o/pue
Toqureys FUTH0O0D of} ‘a0urIsqns pocy o 3o oSurys 21E1s B 03 osuodsor uT JstunIisut
Suryoos oy yo syuduoduos peorsAgd soyio 3o sppowepd Sunesy oy arafguos-oy

A

8G9
‘28R Ol THOIL YORGPSSY IOST SAT208Y

anoned Jsquueyo Funyooo A
‘SOURISGNS POCY AP JO LIS Ot MLSIeP 03 ofeu oyl ‘awrBus Furyood oy Aq ‘oz4puy

A
¥09
A2IASD AR[ASIp pue 2umidus SUD[OG0 & POOY JO SoFRT Wesns A[Snenunue)
A
[
“ORYION

SUOTIESIUNURUOD YFnong) 104108 adioss 10 Axeagy) adios: jeoof woig 2diosi g 109[24

009



PCT/US2018/046400

WO 2019/033089

13/28

L O

¥iL
apoyduron si dois Suneos ol aoiye soqureys SUn{oos 3 By 30uRISgNS S[grp» oyl ‘curdus
FUB}000 SUi AG PR{jOIIUOS JUSUES[D SUIIBSY PUOSOS B 1589] IR BiA ‘0] ABIDUD Injsuei],

L
sur8us Furjoon oyl yitas uonesumuu oo v ogoxd smeaaduesy pood-iynm
B 2IA 2BX15G0S 2{qipe 21 jo shuod opdnn e orngerodiust 1o 30100 yidop e sumusidg

el 1osn puE SRIISQNS 2[qIPS M3
JO 0B3RS 91} Jo SULIOTNIOW OH} 0 PIseq Joros yorgpaay ponde Surznn oousisqns
SIGpS M 0r80) Furyoon Syl AQ PA{JCHIUOD JSUIo)s SuReMy 18I © 1580] 1B 81 HBog

‘persep B ‘ofeur oyl Surpesa
UBAC SU3 OF D0IA0D IS0 (I0Y] ¥HEqPasy rosn opiackd pup adeiuy 2 3080 ou3 AQ ‘ozAyRiny

A

9L
urxonpd xogqueg) SUIY0CO S ‘DOURISGUS POOT 31 JO SIRIS DI} SURKISIOP
o1 ‘senbnuyooy worsia sungoee Surzijnn aFewsr oyl ‘surdus Farjooo oyt £g ‘szApEnY

BDTASD I3ST puR UMZUD SUD{000 & POO] JO
sofens WeoNS AJSnonuinies pue ‘o1fo] Suryoos Fupapsut ‘Mndus uN{ooo € J1enurisu|

A

0L
ORIISI
STOHROIUNUENGO B yInonyl 12a19s 2dioas 1o Arexqiy odross eooy wiory odioss g 102]0¢

0L



PCT/US2018/046400

WO 2019/033089

14/28

8 DId

WIIog)y funesy
pur odiooy
peziand(y usAD

P08 g
aseqeiR(g

008
10JBIDUS0Y
adooy
aouerjddy
SUj0o))

w%uuﬁ

208
wa13s adioay

odioax
MIN



PCT/US2018/046400

WO 2019/033089

15/28

6 DId

Ti6
spot
poads-ySn] oup 10 OO SSATIS-A0] S} BT 24 0] PAInSHUECO ST JI50] FuDjoos M} IMIagm
01 SuIp10508 5130} SUD[OCO SY3 JO I0IEIPUI Uoneidurod v Jussaid o) Udm SIS

STISTIS]S SUnesy M o3 1omod Jjo umy

406
spouy paods-ydig 10
SSOx18-MOf oyt w siriado o3 pasapisuns st o18of Surjooo oyl oyiaym pue sidop Suoos
o1} U0 PISBQ SOURISANS STGIP2 43 OO0 01 SIS Sunesy SI0T 10 JU0 O} 2AL]

A

965
aouerdde
Farjo0s 91} JO SIOSUSS SIOWI IO SUO THOX] S[RUSS [0XU0D YORgPoS] 2101 IO S0 IOHUORY

£006
apowu paads
-y J1Y € I0 SPOUI $5215-M0] & 10432 o} Suiprosoe ajexsdo o1 oifof Sunjoos oy s1mSyuo)

86
aouendde Furqood oyl O SHISUIOLs FUNRY DICWK X0 UG
Fursnp por Juneiedo 103 siof sarroads ey odiva v uo paseq H50) SUINOGO SINooXT

006



PCT/US2018/046400

WO 2019/033089

16/28

01 "DI4

0701 J0583201g

#0001 e2vporuy uonnguasiy odoey

9001 sorI] uSisa(g sdinoy

0101 Joreung uonnosoxy odmay

0501 AIOWSA

ot
syepduuey,

0001
WoISAG 10AI0 odioay

9101
3101§ 91J0id

JUSWnIIsuY

(41021

SIjoid poog

8101
Sliold
N BN




PCT/US2018/046400

17128

1 DI

o]
o
—
=t
e, \D
[q\]
==
L it

| sonry ey epony

woeed SCISEIES G ABEON
i ..Nﬁwm_@&é_m\m

by Suayesy

{emutis

ARA

ZTil
/
)

opopy |

{Bgigd
simaieie sEn
s P plaang

By
Vi s
BRITISE DR 3G

J\\\u\\.k.\\, ; B i, 7 )
A T
en,, SEUHOOTN T

e
553, o,

WO 2019/033089




PCT/US2018/046400

WO 2019/033089

18/28

<l 'DId

gE71
ao1aap Bunsanbal B 01 WISISAS IDAISS SU WY 9dinG] B4 SINGUISID

8071
$301ABP SJIGOL 40WI J0 auUn Jo sanuekdde BUNOOD BIOLW JO SUC O}
UORNGUISID 10} 81031S SUKUGC 841 10 {(JND) soeusil Josn jeoiydell v w adivel syl Wwessid

9071
2J015 sUHUO Ue ok adinal sy ysiagnd

o7
SOELISILY
ufiissp adived syl Bia odinal oy} jo sisisuiried uoninbyLE0D BICW 10 BUC BAISDAS

071
souendde Bupoos g ui uawiojdap joj adival
e jo ubisap sienioe) 01 painbyuos aorjisiul ulisep adicas & srisuab

00Cl



PCT/US2018/046400

WO 2019/033089

19/28

¢l DId

SISAIELIR 0y CORERAY RIS B 4G HYE R4l PR gy Palit

9igi
adioal oul jo BUNoaXs pies JsuR ¥orgpaes) iasn ioj Jdwoid

PiEl
SABLUSY B30 T I DY Y SRR BB UDERRGIEG
g \.mmmwn‘.«.“_m‘ FEEERY BN D D Mmgwww SRS DN A BTk SMEY NRATIAS gLt SRIITNENL

7

Ziel
suiyoRW 81e1s ol o) Buipioooe aburyd 81815 Sii 0] SsUodSA W
aoueidde BUpooD 8l {0 slUsuIsis Bulteay syl jo AUN 1588 18 ainbByuonal

g0el
2169
Bupoos 8U7 0 QUILDEL BIBIS B 10 S1BIS {IHUI UB UM 2DUBDICODE
ut eousiidde Buyoos syio siuswsie Bunssy aiow 1o auo ainbByupo

20¢}
asn o1 2160} Buinos oul Jo uoiiod YoM suRUISIap

YOSt Ssecuninield pue
ndut jasn o] ssuocdsas w anurydde Bunjoco g Ul adical syt aInsexs

2081
a0IABD {BLISIXE UR tWoJ adioal B pECIUMOD

00



PCT/US2018/046400

WO 2019/033089

20/28

Vil DId

5200301R0-Gng -~
ssmogaey ~-
SIUSIPSITU] S[GRjIRAY -
OIRIOG TWIOR]

YORRIOG 0L
POPUNIHOOYY -
PRASPICY SRS -

SOIIOAL -

SO0} 0oy ~

AUOTY 1950]




WO 2019/033089

N

S

o
Sy

B 5

21128

=

PCT/US2018/046400

FIG. 14B




WO 2019/033089

FIG. 14C

22128

PCT/US2018/046400

FIG. 14D



PCT/US2018/046400

WO 2019/033089

23/28

drl DId

OOy 1081} ~~
O/
SOUBULTEIR] -~
AJCISTH {00y~
FEOMIIN 11~
sSumey

IOPRDT 90X -
BJOAD Uy -~
1s0Ije
e py doony -
1By -
15807, -

LLLES

1880 -~

aupg -~

007y [RIUBIA




WO 2019/033089 PCT/US2018/046400
24/28




WO 2019/033089

25/28

PCT/US2018/046400

FIG. 15A



WO 2019/033089

26/28

PCT/US2018/046400

5. 15B

“I(



PCT/US2018/046400

WO 2019/033089

27128

_______

3

¢l

Did

_

.




PCT/US2018/046400

WO 2019/033089

28/28

91 'Did

%091
papss0Ns
aie s1obpng $80UN0Sa1 BUY 10 BUCU IR Yons wijiuobie Builesy B UM a0uBpioooe
Ui sjusliele Bunesy sl 0} S82UN0S8I WBISAS au} 10 Alsnijap Buneinbas Aisainsieg

A

9091
“Jaguieyo BURIOCO Syl UIUEM SSOURISONS DOCY I0UI JG LD
1esy 01 sjuswels Bunesy jo Aleimd syl 0] Sainnsal WalsAs paienojie ayi Buidjddy

P091
196png 804n050) B BUIpssIXs INoURM ‘Siuawse Buesy
10 Aieinid B 0} $80UN0S3. WISISAS SU} O SJ0L JO SUN JO UOIEDO0YE JBSN S1EHIINE

2091
‘1ebpng 80In0S8i PBJLINOSSE
Ue BulaRy SO0IN0SA WSISAS BU) 10 ORS SO0IN0sel WoISAS SI0W IO BUGC BAIODEN

0091



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/046400

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - F24C 7/04; A47J 37/00; F24C 7/00; H05B 6/00; HO5B 6/06 (2018.01)
F24C 7/04; A47J 37/00; F24C 7/00; HO5B 6/06; HO5B 6/062; HO5B 6/065 (2018.08)

According to Intermational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 373/147; 373/150; 373/151 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2017/044876 A1 (BRAVA HOME, INC.) 16 March 2017 (16.03.2017) entire document 1-32
Y US 2011/0114627 A1 (BURT) 19 May 2011 (19.05.2011) entire document 1-32
Y US 2010/0186600 A1 (LEWIS et al) 29 July 2010 (29.07.2010) entire document 10-12, 26-28
A US 8,200,548 B2 (WIEDL) 12 June 2012 (12.06.2012) entire document 1-32

D Further documents are listed in the continuation of Box C.

[:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T  later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

09 October 2018

Date of mailing of the international search report

240CT 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - wo-search-report

