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SPEECH-BASED STORAGE TRACKING

BACKGROUND

[0001] The ways to manage inventory, particularly in a household, can be improved. For
instance, keeping track of the various products stored in a refrigerator — where is a product, is there
any left, how much is left, etc. are often questions people have, especially when there are many
people using the product at different times. While using electronic devices to assist with managing
inventory is useful, challenges remain to configure these devices to properly track and aid in
performing the inventory management. Through innovation, technical solutions to improve
machines are provided herein to help people know where and how much of a product is available

for use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIGS. 1-4 are illustrative diagrams of various exemplary systems for managing
inventory, in accordance with various embodiments;

[0003] FIG. 5 is an illustrative diagram for providing an individual with remote access to
inventory status information in accordance, with various embodiments;

[0004] FIG. 6 is an illustrative diagram of the architecture of the system of FIGS. 1-5, in
accordance with various embodiments;

[0005] FIG. 7 is an illustrative diagram of a category servers/skills module including an

inventory management system, in accordance with various embodiments;

[0006] FIG. 8 is an illustrative diagram of a storage unit profile, in accordance with various
embodiments;
[0007] FIG. 9 is an illustrative diagram of a shelf including sensors, in accordance with

various embodiments;

[0008] FIG. 10 is an illustrative diagram of a storage unit including a display, in
accordance with various embodiments;

[0009] FIG. 11 is an illustrative diagram of a portion of the display of FIG. 10, in

accordance with various embodiments;
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[0010] FIG. 12 is an illustrative flowchart of a process for generating a profile
corresponding to a physical item, in accordance with various embodiments;

[0011] FIG. 13 is an illustrative flowchart of a process for monitoring an amount of a
physical item, in accordance with various embodiments;

[0012] FIG. 14 is an illustrative flowchart of a process for providing a location of a physical
item, in accordance with various embodiments;

[0013] FIG. 15 is an illustrative flowchart of a process for gathering additional information
about a physical item, in accordance with various embodiments; and

[0014] FIG. 16 is an illustrative flowchart of a process for identifying a physical item, in

accordance with various embodiments.
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DETAILED DESCRIPTION

[0016] The present disclosure, as set forth below, is generally directed to various
embodiments of methods and devices related to tracking objects such as, for example, consumable
items. A storage unit, such as a refrigerator, may include one or more sensors and electronics to
assist with managing the physical items stored therein, as well as properties of those physical items.
For example, the storage unit may include one or more shelving units having one or more sensors
incorporated therein, such that the storage unit may determine, and track, a location of a physical
item placed on one of the shelving units, as well as a weight or mass that physical item. In some
embodiments, the shelving units may include thin weight sensors that are arranged in a grid type
pattern such that a two-dimensional sensory array is formed. The sensor array may be used to
determine a particular location on the shelving unit with which a physical item is located such that,
as the number of sensors of the array is increased, the precision of a particular physical item’s
location may also increase.

[0017] In an illustrative, non-limiting embodiment, an individual may speak an utterance
including a name of, or information associated with, a physical item or physical items being placed
within the storage unit. For example, an individual may place a bottle of ketchup in their
refrigerator, and may say, “Alexa, this is ketchup.” In this particular scenario, audio data
representing the utterance, which may include the wakeword (e.g., “Alexa”) subsequently
followed by one or more words (e.g., “this is ketchup”), may be sent to a backend system. In some
embodiments, a user account on the backend system may be associated with a particular device
identifier of the storage unit, such that information related to the storage unit may be tracked using
the backend system. In some embodiments, however, the tracking may be performed by an
inventory management system, which is capable of communicating with the refrigerator and/or the
backend system. For example, an individual’s user account on the backend system may be
associated with a device profile on the inventory management system associated with the particular
device identifier. Sensor data from the storage unit can likewise be received by the backend system
and/or sent to the inventory management system along with a timestamp or other data. This may
allow the received audio data to be associated with the sensor data. For example, the term
“ketchup” may be associated with a particular location within the refrigerator on which the ketchup

bottle was placed, and this information may be stored within the device profile for the user.
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[0018] In some embodiments, an individual may be prompted to provide a name of the
physical item that was recently placed within, or moved about, the storage unit. For example, a
sensor of a shelving unit within the storage unit may sense when a physical item is placed on the
shelving unit due to a change in the sensor’s readings. If the physical item cannot be identified
programmatically, the storage unit may output or cause another device to output an audio message,
such as, “What item did you just place in the refrigerator?” to prompt the user to provide the name
of the physical item. The storage unit may include one or more microphones or transducers to
capture audio signals of an utterance spoken in response to the audio message. The storage unit,
in one embodiment, may then be configured to send audio data representing the utterance to a
backend system, which may generate text data representing the audio data. The backend system
may then be capable of determining an intent of the utterance. For instance, the utterance may
indicate a name of the physical item that was just placed in the storage unit.

[0019] In some embodiments, the backend system and/or the storage unit may also be in
communication with an inventory management system, which may be provided with the name,
and various other data associated with the physical item, to assist in monitoring and managing the
physical items stored within the storage unit. For instance, the storage unit may also capture sensor
data from the one or more sensors associated with a location within the storage unit where the
physical item was placed, and may send that sensor data to the inventory management system.
The inventory management system may, in turn, send that information along with the determined
name of the physical item to the backend system and/or storage unit. As an illustrative example,
the sensor data may represent a weight of the physical item, and/or correspond to a specific location
within the storage unit. In some embodiments, however, the backend system may include the
inventory management capabilities. In this particular scenario, the storage unit may send sensor
data, as well as audio data, if received, to the backend system.

[0020] In some embodiments, the backend system may include automatic speech
recognition (“ASR”) functionality, which may be used to generate text data representing the audio
data. Furthermore, the backend system may also include natural language understanding
functionality that is capable of determining an intent of the utterance. For example, if the utterance
is, “This is ketchup,” the backend system may determine, using the text data, that the word

“ketchup” is associated with the physical item that was placed in the storage unit, and may
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associate the sensor data with that word. In some embodiments, in addition to receiving audio data
representing the utterance, the backend system may receive a device identifier (e.g., one or more
letters, numbers, or characters) that is associated with the storage unit. The device identifier may
be used, in an illustrative embodiment, to specify a particular functionality of the backend system
to be used. For example, the natural language understanding functionality may include an
inventory management domain such that, when a device identifier is received, the inventory
management domain may be used for servicing an intent of the utterance.

[0021] In some embodiments, the inventory management system may generate a profile
for the physical item, which may include the name of the physical item determined by the text data
as well as a weight and/or location of the physical item determined using the sensor data. The
backend system may also determine if a profile stored by the inventory management system
already exists for the physical item and, if so, may update the profile to include the name of the
physical item determined as well as a weight and/or location of the physical item determined using
the sensor data.

[0022] After an item’s profile on the inventory management system has been generated, a
weight of the physical item at various times, as detected by an associated sensor, may be tracked
and stored within the physical item’s profile. In some embodiments, the sensor(s) associated with
the physical item may continually or periodically, send sensor data indicating a current weight of
the physical item (or an object, or lack of object placed on the sensor(s)) to the inventory
management system, or the sensor data may be sent to the backend system, which may in turn also
send the sensor data to the inventory management system. In some embodiments, the backend
system and/or inventory management system may determine a change in the weight by
determining a difference in a current weight detected by the sensor(s) as compared to a most recent
weight. For example, when an item is removed from, or placed in, the storage unit, a trigger may
be generated that causes the storage unit to send sensor data along with a timestamp, indicating
the time the sensor data was obtained, to the backend system and/or inventory management system.
Using the sensor data, the backend system and/or inventory management system may determine
that whether the item has been removed from the storage unit, placed within the storage unit, or
moved to a different location within the storage unit, as well as a change, if any, of the item’s

weight. For example, the inventory management system may determine a difference between a
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current weight and a most recent weight as determined by that sensor, as stored within the physical
item’s profile. If the difference equals the most recent weight, then the physical item was likely
moved from its previous location within the storage unit.

[0023] In some embodiments, the backend system and/or inventory management system
may cross-reference the sensor data with the locations and weights stored in profiles associated
with the physical items in the storage unit. After determining the location that a physical item has
been removed from, the identity of the physical item may be determined by locating the profile
associated with the location. When a physical item is placed back in the storage unit, the inventory
management system may attempt to automatically identify the physical item. For example, if a
physical item, such as a consumable product, is placed in the storage unit within a predetermined
amount of time of a physical item being removed from the storage unit, and the physical item
placed in the storage unit is within a threshold weight of the physical item removed from the
storage unit, then the inventory management system may determine that the physical item placed
in the storage unit is the same physical item that was removed from the storage unit. The inventory
management system may update the profile of the physical item by adding its new location and
current weight, as determined by an associated sensor, to the profile associated with the physical
item. If the inventory management system is not able to automatically identify the physical item,
the inventory management system may cause the backend system and/or the storage unit to prompt
the user to identify the physical item that was just placed in the storage unit.

[0024] In some embodiments, the backend system and/or inventory management system
may track the weight of the physical item and issue a notification when the weight of the physical
item falls below a predetermined threshold value. This threshold value can be established in a
number of different ways such as, for example, as a set percentage from the initial value (e.g., ten
percent remaining such that a 16 ounce bottle of ketchup would cause a notification to issue when
the weight falls below 1.6 ounces), or a fixed amount (e.g., 3 ounces such that less than 3 ounces
of ketchup would cause a reorder option or other type of notification to be sent to the storage unit
and/or other user device). Accordingly, each time a user places an item back in to the storage
unit, the storage unit may capture new sensor data including the updated weight of the physical
item after a portion of the physical item has been consumed. The storage unit may send the new

sensor data to the inventory management system and the inventory management system may
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update the profile for the physical item with the new sensor data. For example, the inventory
management system may update the profile to include the new weight of the physical item. In
some embodiments, if the new weight is below the predetermined threshold value, the inventory
management system may generate a notification, or cause the backend system to generate a
notification, such as a notice that the physical item needs to be re-ordered, to be sent to the storage
unit. In other embodiments, the inventory management system may skip the notification and
directly re-order the physical item when the new weight is determined to be below the
predetermined threshold value.

[0025] In some embodiments, an individual may speak an utterance asking for a location
of a physical item within the storage unit. For example, an individual may ask, “Where is the
ketchup?” The storage unit may include one or more microphones or transducers that are capable
of receiving audio signals of the utterance, and the storage unit may send audio data representing
the utterance to the backend system. In some embodiments, the backend system may generate text
data that represents the audio data by performing speech-to-text processing on the audio data, and
may determine an intent of the utterance using natural language understanding (“NLU”)
functionality. For example, the backend system may determine that the utterance asked for the
location of the physical item (e.g., “Where is the ketchup?”). The backend system may, in
conjunction with the inventory management system, determine a profile of the physical item and,
based on the profile, may determine a location of the physical item within the storage unit based
on the sensor data that was received and/or the name of the physical item determined. The
inventory management system may send text data representing a response that indicates the
location of the physical item to the backend system, which may generate and send audio data
representing the text data to the storage unit. For example, the inventory management system may
determine that an object named “ketchup” is associated with a first sensor, which is located on an
upper left shelf within the storage unit. The inventory management system may then determine a
response that indicates that the object is located on the upper left shelf, and send text data
representing the response to the backend system (e.g., “The ketchup is on the upper left shelf.”)
The backend system may generate audio data representing the text data, and may send the audio
data to the storage unit, which may then output the audio data using one or more speakers located

thereon.



WO 2017/223298 PCT/US2017/038719

[0026] It will be appreciated by those having ordinary skill in the art that the storage unit,
inventory management system, and backend system may, individually and/or in combination, track
the weights and/or locations multiple physical items. For example, profiles associated with various
physical items stored within the storage unit may be generated and stored by the storage unit, the
inventory management system, and/or the backend system. When physical items are removed
from the storage unit, as well as when physical items are placed back in the storage unit, updated
sensor data (e.g., an updated weight and/or location for the physical item) for those physical items
may be sent to the backend system, which in turn may update that physical item(s) corresponding
profile. Additionally, a physical item’s profile may include a map of the physical item’s location,
an initial weight of the physical item, a most recent weight of the physical item, and/or any other
suitable information associated with the physical item. Furthermore, a physical item’s profile may
also include additional information related to unknown objects that have been detected by the
sensors, but have not been identified by the user.

[0027] In some embodiments, the storage unit, or one or more electronic devices in
communication with the storage unit, may be a sound controlled electronic device. A sound
controlled electronic device, as described herein, may correspond to any device capable of being
activated in response to detection of a specific word (e.g., a word, a phoneme, a phrase or grouping
of words, or any other type of sound, or any series of temporally related sounds). For example, a
voice activated electronic device is one type of sound controlled electronic device. Such voice
activated electronic devices, for instance, are capable of generating and sending audio data to a
backend system, such as the backend system mentioned previously, in response to detecting a
wakeword.

[0028] Spoken voice commands, in some embodiments, may be prefaced by a wakeword,
which may also be referred to as a trigger expression, wake expression, or activation word. In
response to detecting an utterance of the wakeword, a voice activated electronic device may be
configured to detect and interpret any words that subsequently follow the detected wakeword as
actionable inputs or commands. In some embodiments, the voice activated electronic device may
be activated by a phrase or grouping of words, which the voice activated electronic device may
also be configured to detect. The voice activated electronic device, therefore, may also be able to

detect and interpret any words subsequently following that phrase or grouping of words.
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[0029] As used herein, the term “wakeword” may correspond to a “keyword” or “key

2% <C

phrase,” an “activation word” or “activation words,” or a “trigger,” “trigger word,” or trigger

2

expression.” One exemplary wakeword may be a name, such as the name, “Alexa,” however
persons of ordinary skill in the art will recognize that any word (e.g., “Amazon”), or series of
words (e.g., “Wake Up” or “Hello, Alexa”) may alternatively be used. Furthermore, the wakeword
may be set or programmed by an individual operating a voice activated electronic device, and in
some embodiments more than one wakeword (e.g., two or more different wakewords) may be
available to activate a voice activated electronic device. In yet another embodiment, the trigger
that is used to activate a voice activated electronic device may be any series of temporally related
sounds.

[0030] In some embodiments, an individual may speak an utterance to their electronic
device, such as a storage unit. As an illustrative example, an individual may say an utterance to
their storage unit that is prefaced by a wakeword. In this instance, the utterance may begin with
the wakeword, which may then be subsequently followed by an invocation and an action,
command, or question, request. For example, an individual may say “Alexa — This is ketchup’,”
or “Alexa — Where is the milk?”, or “Alexa — Good Morning.” Thus, in response to detecting the
utterance of the wakeword, “Alexa,” the voice activated electronic device may send audio data
representing the utterance (e.g., “Alexa — Where is the milk?”) to the backend system.

[0031] A sound controlled electronic device, such as a voice activated electronic device,
may monitor audio input data detected within its local environment using one or more
microphones, transducers, or any other audio input device located on, or in communication with,
the voice activated electronic device. The voice activated electronic device may, in some
embodiments, then provide the audio data representing the detected audio input data to the backend
system for processing or analyzing the audio data, and providing a response to the audio data for
the voice activated electronic device, as well as, or alternatively, providing an additional action
directed at another device (e.g., a target device). Additionally, the voice activated electronic device
may store one or more wakewords within its local memory. If a determination is made that audio
data received from the audio input device(s) (e.g., microphone(s)) matches the wakeword, the

voice activated electronic device may begin sending all of the audio data to a backend system.
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[0032] A sound controlled electronic device may also correspond to a sound activated
electronic device that may be triggered by a non-verbal sound. For example, a door opening, an
alarm going off, glass breaking, a telephone ringing, or any other sound may alternatively be used
to activate a sound activated electronic device. In this particular scenario, detection of a non-
verbal sound may occur in a substantially similar manner as that of a verbal wakeword for a voice
activated electronic device. For example, a door opening, when detected by a door sensor, may
activate the sound activated electronic device, which may in turn cause the backend system to
request current sensor data for one or more sensors associated with the device, such as a storage
unit including one or more smart shelves.

[0033] In some embodiments, the electronic device with which the utterance is spoken
may, alternatively, correspond to a manually activated electronic device. A manually activated
electronic device, as described herein, may correspond to a device to that is capable of being
activated in response to a manual input from an individual (e.g., pressing a button, touching a
portion of touch screen, performing an action on a device, etc.). For example, a tap-to-talk
electronic device is on type of manually activated electronic device. Such tap-to-talk electronic
devices, for instance, are capable of obtaining and outputting audio data in response to a button
being pressed by an individual.

[0034] In some embodiments, an individual may activate their manually activated
electronic device (e.g., by pressing a button), and may utter a command for a media item to be
played on a particular target electronic device. For example, an individual may press a button on
their manually activated electronic device, and may say, “Alexa — Where is the ketchup?” The
manually activated electronic device may then send audio data representing the utterance to a
backend system. In some embodiments, an individual may activate their manually activated
electronic device using a manual trigger located on an additional electronic device in
communication with the manually activated electronic device. For example, an individual may
press a button on tablet or mobile phone that causes an indication to be sent to the manually
activated electronic device to activate it. In response, the manually activated electronic device
may be configured to receive audio data representing an utterance received by a microphone of the
manually activated electronic device, and/or an additional electronic device, and in turn may send

that audio data to the backend system for processing.
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[0035] FIG. 1 is an illustrative diagram of a system for tracking physical items, in
accordance with various embodiments. In one exemplary non-limiting embodiment, an
individual 2 may place a physical item 4 in a storage unit 10 such as, for example and without
limitation, a refrigerator. However, various other types of storage units may include, but are not
limited to, pantries, drawers, cabinets, dressers, closets, cupboards, tractor trailer containers,
medical supply cabinets, home pantries, retail store shelves, luggage systems, delivery vans/trucks,
and the like. Storage unit 10 may include one or more shelves 12. Shelves 12 may include one or
more sensors capable of determining a weight of a physical item, such as physical item 4, and
which of shelves 12 physical item 4 is placed on. In addition to determining which of shelves 12
physical item 4 is placed on, the sensors may each be associated with a particular location within
storage unit 10 such that a physical item’s location on shelf 12, and therefore within storage unit 10,
may be known based on the particular sensor or sensors that determine the weight of the physical
item. The sensors may be thin weight sensors arranged in grids on shelves 12 and are described
in greater detail below with reference to FIG. 9. In some embodiments, each sensor may output
an electrical signal whose magnitude is proportional to the amount of force, or weight, being
applied to the sensor. Storage unit 10 may generate sensor data based on electrical signal outputs
from the sensors. The sensor data may include information indicating an amount of weight
currently residing at a particular location on one of shelves 12 of storage unit 10. In some
embodiments, a timestamp may also be associated with the sensor data, where the timestamp
indicates a time that the sensor data was determined by a particular sensor. Storage unit 10 may
continuously gather sensor data or it may gather sensor data at predetermined intervals. For
example, storage unit 10 may periodically poll each sensor to determine a current load applied to
each sensor, and therefore an amount of force or weight applied to each sensor, or storage unit 10
may determine a current amount of force applied to each sensor in response to a particular input,
such as in response to a trigger (e.g., a wakeword being spoken, a button being pressed, a door of
storage unit 10 opening, etc.).

[0036] Storage unit 10 may be an electronic device including microphone(s) to capture
speech of individual 2 and speaker(s) to output an audible response to individual 2. Storage unit 10
may also be configured to communicate with a backend system 100 by, for example and without

limitation, sending information such as initial file 6 to backend system 100 and receiving
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information such as return file 8 from backend system 100. Backend system 100 may include
various modules to facilitate processing of information received from storage unit 10 and for
generating information in response to the information received from storage unit 10. Specific
architectures for storage unit 10 and backend system 100 are described below in more detail with
respect to FIG. 6. In some embodiments, backend system 100 may include inventory management
functionality, such that backend system 100 is capable of tracking sensor data received from
storage unit 10. However, in some embodiments, storage unit 10 may send sensor data associated
with one or more of its sensors to a separate inventory management system to monitor and track
information associated with the contents stored by storage unit 10. Still further, in some
embodiments, storage unit 10 itself may include inventory management functionality, such that
information associated with items stored therein may be tracked by storage unit 10. As described
herein, therefore, backend system 100 may correspond to an inventory management system, and/or
be in communication with a separate inventory management system.

[0037] Initial file 6 may be sent (e.g. transmitted) over a network, such as the Internet, to
backend system 100 using any number of communications protocols. For example, Transfer
Control Protocol and Internet Protocol (“TCP/IP”) (e.g., any of the protocols used in each of the
TCP/IP layers), Hypertext Transfer Protocol (“HTTP”), and wireless application protocol
(“WAP”), are some of the various types of protocols that may be used to facilitate communications
between storage unit 10 and backend system 100. In some embodiments, storage unit 10 and
backend system 100 may communicate with one another via a web browser using HTTP. Various
additional communication protocols may be used to facilitate communications between storage
unit 10 and backend system 100 including, but not limited to, Wi-Fi (e.g., 802.11 protocol),
Bluetooth®, radio frequency systems (e.g., 900 MHz, 1.4 GHz, and 5.6 GHz communication
systems), cellular networks (e.g., GSM, AMPS, GPRS, CDMA, EV-DO, EDGE, 3GSM, DECT,
IS-136/TDMA, iDen, LTE or any other suitable cellular network protocol), infrared, BitTorrent,
FTP, RTP, RTSP, SSH, and/or VOIP.

[0038] Backend system 100 may include one or more servers, each in communication with
one another and/or storage unit 10. Each server within backend system 100 may be associated
with one or more databases or processors that are capable of storing, retrieving, processing,

analyzing, and/or generating data to be provided to storage unit 10. For example, backend
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system 100 may include one or more inventory control servers for storing and processing
information related to managing inventory, such as the inventory of storage unit 10. Backend
system 100 may, in some embodiments, correspond to a collection of servers located within a
remote facility, and individuals may store data on backend system 100 and/or communicate with
backend system 100 using one or more of the aforementioned communications protocols.

[0039] In accordance with various embodiments, after individual 2 places physical item 4
in storage unit 10, individual 2 may identify physical item 4 by speaking an utterance, “This is
ketchup.” In some embodiments, storage unit 10 may be configured to record audio of the spoken
utterance in response to a trigger. For example, in response to determining that a door of storage
unit 10 has been opened, storage unit 10 may be configured to cause sounds received by one or
more microphones of storage unit 10 to be recorded. As another example, individual 2 may,
alternatively, preface the utterance with a wakeword or trigger expression (e.g., “Alexa”), which
in turn may indicate to storage unit 10 that the sounds received by its microphone(s) are to be
recorded. In some embodiments, storage unit 10 may prompt individual 2 to identify physical
item 4 by outputting a phrase such as, “What is the name of that item?”, and may then capture
audio representing speech uttered by individual 2 in response to the phrase. Audio data
representing the speech or utterance may then be sent to backend system 100 for performing
automated speech recognition processing, as well as causing one or more actions to occur.
Additionally, storage unit 10 may also capture sensor data representing a weight (e.g., 16 ounces)
and location (e.g., top right shelf) of physical item 4. Storage unit 10 may send the audio data and
sensor data to backend system 100 in the form of initial file 6, or as multiple individual files,
however persons of ordinary skill in the art will recognize that this is merely exemplary. For
instance, sensor data representing a weight may, alternatively, be sent to an inventory management
system, along with the audio data.

[0040] After backend system 100 receives the audio data, backend system 100 may analyze
the audio data by, for example, performing automated speech recognition (“ASR”) processing on
the audio data, such as speech-to-text functionality, to generate text data representing the audio
data. Backend system 100 may then apply natural language understanding (“NLU”) processing to
the text data to determine an intent of the utterance. Accordingly, backend system 100 may

determine a name of physical item 4 from the text data such as, for example, “ketchup.”
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[0041] Backend system 100 may also generate a profile 14 corresponding to physical
item 4, if such a profile does not yet exist, and may add the determined name of physical item 4
(e.g., “ketchup”) to profile 14. Backend system 100 may also add information from the sensor
data, such as a weight of physical item 4, and/or a location within storage unit 10 of physical
item 4, to profile 14. In some embodiments, profile 14 may be stored as data on backend
system 100, such as within a user accounts module associated with a particular user account for
individual 2. In some embodiments, however, profile 14 may be generated and/or stored by a
separate inventory management system that is in communication with backend system 100 and/or
storage unit 10.

[0042] In other embodiments, backend system 100 may generate a storage unit profile for
storage unit 10 that includes a map of all known physical items within storage unit 10, the physical
items respective locations, and/or any other additional information for those physical items (e.g.,
a current weight, previous weights, threshold weight limits, physical item names, brand names,
usage details, etc.). For each of location, the storage unit profile may also include information
indicating which sensors within storage unit 10 have physical items stored at a particular location
associated with those particular sensors. For each of occupied location, the storage unit profile
may include a physical item profile, such as profile 14, associated with a particular physical item
determined to be located at that particular location. For instance, a physical item’s initial weight
and/or current weight, as well as a threshold weight with which a replacement physical item should
be ordered, may be included within a particular physical item’s profile, which may be stored within
the storage unit profile of storage unit 10.

[0043] In some embodiments, backend system 100 may attempt to automatically identify
physical item 4, rather than having individual 2 provide the identity of physical item 4. For
example, after individual 2 has initially identified physical item 4 and profile 14 corresponding to
physical item 4 has been generated, backend system 100 may identify physical item 4 without
input from individual 2. Upon any change in sensor data (e.g., when a physical item is placed in
storage unit 10 or removed from storage unit 10), storage unit 10 may determine a current
measurement for one or sensors of storage unit 10, and may send first sensor data, along with a
timestamp indicating the time the first sensor data was determined, to backend system 100. Thus,

when individual 2 removes physical item 4 from storage unit 10, storage unit 10 may send sensor
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data representing a weight, or weights, associated one or more sensors of storage unit 10, along
with a first timestamp, to backend system 100. In response to an individual placing physical item 4,
or any other physical item, back in storage unit 10, storage unit 10 may determine an updated
measurement for the one or more sensors, and may send second sensor data along with a second
timestamp for that sensor data reading, to backend system 100. Alternatively, storage unit 10 may
send the sensor data to an inventory management system, or backend system 100 may send the
sensor data to the inventory management system, and persons of ordinary skill in the art will
recognize that aforementioned is merely exemplary.

[0044] Based on the first sensor data and the second sensor data, backend system 100 may
determine whether or not physical item 4 has been removed storage unit 10 and whether a physical
item, which may still be physical item 4, has been placed in storage unit 10. For example,
profile 14 may include location and weight information associated with physical item 4. When
backend system 100 receives the first sensor data from storage unit 10 after physical item 4 is
removed from storage unit 10, a determination may be made that no weight is being applied to the
one or more sensor(s) associated with a location of physical item 4 as stored in profile 14, which
may indicate that physical item 4 has been removed from storage unit 10. When backend system
100 receives the second sensor data from storage unit 10, after physical item 4 has been placed
back in storage unit 10, a magnitude of a weight difference between a first weight associated with
the first sensor data, and a second weight associated with the second sensor data, may be
determined. If the magnitude of the weight equals the second weight, or substantially the second
weight (e.g., within 10-15% of the second weight), then that may indicate that physical item 4 has
been used slightly, and placed back within storage unit 10 at a same location. Upon determining
that physical item 4 has been placed in storage unit 10, and that the current weight is substantially
similar to a previous weight associated with the physical item located at that particular location,
backend system 100 may attempt to automatically determine the identity of the physical item as
being the same physical item that previously was located at that location within storage unit 10.
[0045] In some embodiments, backend system 100 may use weight and temporal
information to attempt to identify a physical item. For example, if backend system 100 determined
that physical item 4 was recently removed from storage unit 10, backend system 100 may

determine that a physical item placed in storage unit 10 within a predetermined time of physical
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item 4 being removed from storage unit 10 and having a weight within a predetermined weight of
physical item 4, is, in fact, physical item 4. Backend system 100 may also use other information
to help to automatically identify a physical item placed in storage unit 10. In some embodiments,
sensor data may include a size of physical item 4 that may be stored in profile 14 by backend
system 100 and/or an inventory management system. For example, physical item 4 may be large
enough to such that several sensors detect a force being applied to them, and that size information
may be stored in profile 14. Sensing a physical item having the same size (i.e., spans the same
number of sensors) as a recently removed physical item may indicate that the same physical item
has been placed back in storage unit 10. Alternatively, a physical item having a different size than
a recently removed physical item may indicate that the same physical item has not been placed
back in storage unit 10.

[0046] Backend system 100 may attempt to automatically identify a physical item placed
in storage unit 10 may have an associated confidence factor. For example, a higher confidence
factor may indicate that the physical item may have been correctly identified, whereas and a lower
confidence factor may indicate that the physical item may be less likely to have been correctly
identified. Backend system 100 may respond differently based on the confidence factor. For
example, the confidence factor may fall within a predefined lower tier, a middle tier, or an upper
tier. When the confidence factor is in the lower tier, it may indicate that the physical item is
unlikely to have been correctly identified. In some embodiments, when the confidence factor is in
the lower tier, backend system 100 may proceed by generating audio data requesting a name of
the physical item placed in storage unit 10, and may send that audio data to storage unit 10 so that
individual 2 may clarify the physical item’s identify. When the confidence factor is in the middle
tier, backend system 100 this may indicate that the physical item has been correctly identified, and
backend system 100 may generate audio data including the name of the potentially identified
physical item and requesting confirmation that potentially identified physical item was placed in
storage unit 10. For example, backend system 100 may cause storage unit 10 to output the phrase
“Did you just place ketchup in the refrigerator?” When the confidence factor is in the upper tier,
backend system 100 is likely to have correctly identified the physical item and may proceed,
without confirmation from individual 2, with updating the profile associated with the physical item

to include the new location and weight of the physical item. In some embodiments, the confidence
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factor may fall in the middle tier when a physical item is placed in storage unit 10 within a
predetermined temporal window threshold of a physical item being removed from storage unit 10,
but the weight of the physical item placed in storage unit 10 is not within a predetermined threshold
weight of the physical item removed from storage unit 10. The difference in weight may make it
unclear as to whether the same physical item was placed back in storage unit 10, and therefore
backend system 100 may proceed with confirming the name of the physical item placed in storage
unit 10. If a physical item is placed in storage unit 10 within a predetermined threshold time of a
physical item being removed from storage unit 10, and the weight of the physical item placed in
storage unit 10 is within a predetermined threshold weight of the physical item removed from
storage unit 10, the confidence factor may be in the upper tier and backend system 100 may not
need to confirm the identity of the physical item.

[0047] Backend system 100 may similarly attempt to automatically identify multiple
physical items that are removed from and then placed back in storage unit 10. For example, when
individual 2 removes three physical items from storage unit 10, the removal of each physical item
may trigger storage unit 10 to send sensor data associated with one or more sensors of storage
unit 10 (e.g., all the sensors or only sensors that have detected a change) to backend system 100.
Backend system 100 may analyze each instance of sensor data to identify the three physical items
that were removed from storage unit 10. When one of the physical items is placed back in storage
unit 10, the placement of the physical item in storage unit 10 may trigger storage unit 10 to again
send sensor data to backend system 100. The sensor data may include a weight of the physical
item placed back in storage unit 10 and backend system 100 may determine whether the weight of
the physical item is within a threshold weight value of any of the three physical items removed
from storage unit 10. If the weight of the physical item is within the threshold weight value of a
first one of the physical items, but not the two other physical items that were removed from storage
unit 10, backend system 100 may determine that there is a high confidence factor that the physical
item placed back in storage unit 10 is the first one of the physical items. However, if the physical
item that is placed back in the storage unit 10 is within the threshold weight value of two or more
of the physical items, backend system 100 may determine that there is a low confidence factor in
identifying the physical item and backend system 100 may generate audio data prompting

individual 2 individual to identify which physical item was placed back in storage unit 10 (e.g.,
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“What item did you just place in the refrigerator?”’). Backend system 100 may also use additional
information, such as the size of the physical items removed from and placed back in storage unit 10
in order to attempt to identify the physical item with a higher confidence factor. For example,
even if the physical item placed back in storage unit 10 is within a threshold weight value of two
or more of the physical items removed from storage unit 10, if the size of the physical item placed
back in storage unit 10 is similar to only one of the physical items removed from storage unit 10,
backend system 100 may determine that it can identify the physical item with a high confidence
factor.

[0048] FIG. 2 is another illustrative diagram of a system for tracking physical items, in
accordance with various embodiments. In one non-limiting example embodiment, a notification
message may be output by storage unit 10 for notifying individual 2 that a current amount of a
given physical item, such as physical item 4, may have fallen below a predetermined threshold.
As described above, storage unit 10 may be configured to send sensor data to backend system 100
each time physical item 4, or any other physical item, has been removed from, or placed back in,
storage unit 10, for example. In one embodiment, individual 2 may remove physical item 4 from
storage unit 10. When physical item 4 is removed, an amount of force being applied to one or
more sensors associated with a first location where physical item 4 was located may change. In
response to determining that the amount of force has changed, storage unit 10 may send sensor
data representing a weight (e.g., an amount of force) that the one or more sensors determines is
being applied to backend system 100. In some embodiments, backend system 100 may determine
that no weight is being applied to the one or more sensors associated with the location of physical
item 4, which may indicate that physical item 4 may no longer be at the first location.

[0049] When individual 2 places physical item 4 back in storage unit 10, storage unit 10
may send the sensor data representing a current weight being applied to the particular sensor(s) to
backend system 100. One or more techniques, as mentioned previously, may be used to determine
whether the same physical item (e.g., physical item 4) has been placed in storage unit 10 at the
first location that was located, indicating that the physical item may have been removed, at least
temporarily. Backend system 100 may determine a difference between the weights determined by
the sensor(s) associated with the first location by subtracting the previous weight from the current

weight to determine, for instance, whether physical item 4 has indeed been placed back in storage
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unit 10. Alternatively, backend system 100 may ask individual 2 what physical item was just
placed within storage unit 10.

[0050] Backend system 100 may analyze the various sensor data to determine: (i) whether
physical item 4 had been removed from storage unit 10, (i1) whether physical item 4 has been
placed back in storage unit 10 at a same location, and (iii) whether a portion of physical item 4
was consumed or used prior to physical item 4 being placed back in to storage unit 10. For
example, first sensor data captured when physical item 4 was removed from storage unit 10 may
indicate that there is no weight being applied to a first sensor, or sensors, at a first location where
physical item 4 was located, and backend system 100 may determine that physical item 4 has been
removed. Second sensor data captured when physical item 4 is placed back in to storage unit 10
may indicate a second weight and specific location of physical item 4. Backend system 100 may
use various different physical items of information to determine that physical item 4 has been
placed back in storage unit 10 rather than a new physical item. For example, if physical item 4 is
placed back in storage unit 10 within a predetermined time period after it was removed, backend
system 100 may determine that the same physical item, physical item 4, has been placed back in
storage unit 10. Additionally, if the sensor data indicates that physical item 4 weighs the same or
less (as opposed to more) weight is being applied to the same sensor(s) located at the first location
when physical item 4 was removed from storage unit 10, backend system 100 may determine that
physical item 4 has been placed back in storage unit 10. By determining that physical item 4 had
been removed and placed back in storage unit 10 at a same location, individual 2 may not have to
identify physical item 4, however in some embodiments backend system 100 may send audio data
to storage unit 10 to output a message to determine an identity of the physical item that was placed
within storage unit 10. In the case that backend system 100 may not be able to identify whether
physical item 4 was placed back in storage unit 10, backend system 100 may send audio data to
storage unit 10 that includes a prompt for individual to identify physical item 4 (e.g., “What
physical item is this?”).

[0051] After identifying physical item 4, backend system 100 may determine that
profile 14 corresponding to physical item 4 exists, and/or that data corresponding to physical
item 14 exists within a profile for storage unit 10. Backend system 100 may then update the

appropriate profile with the new sensor data. For example, if a portion of physical item 4 has been
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consumed, physical item 4 may have a new, lower weight (e.g., 4 0z.). Profile 14 may be updated
to include the current weight as being the new, lower weight,, thereby replacing the previous
current weight in profile 14. If it is determined that physical item 4 has a new location, profile 14
may be updated to include the new location.

[0052] In some embodiments, profile 14 may include a predetermined threshold weight
(e.g., 5 oz.) indicating when physical item 4 should be reordered. The predetermined threshold
may be set by the user, may be a default setting, and the user may further have the option of
changing threshold. As an illustrative example, the initial weight of physical item 4, as stored
within profile 14, may have been 12 oz., whereas a current weight, as determined by one or more
sensors of storage unit 10, may be 4 oz. Backend system 100 may determine that the weight of
physical item 4 less than the predefined threshold weight, such as 5 oz., and, in response, may
generate a notification that the current weight associated with physical item 4 is less than the
predefined threshold for ordering a replacement physical item for physical item 4. In some
embodiments, backend system 100 may generate audio data representing a notification, and may
send the audio data to storage unit 10 such that an audio message of the notification may be output
by storage unit 10. For example, storage unit 10 may play a notification message for individual 2
that indicates that the amount of physical item 4 is low and that a replacement for physical item 4
may be needed (e.g., “You are low on ketchup” or “You are low on ketchup. Do you want to order
a new bottle?”). In some embodiments, backend system 100 may, in response to determining that
the current weight for physical item 4 is less than the predefined threshold weight, automatically
order a replacement for physical item 4. In some embodiments, backend system 100 may send
display data to be displayed on a display of storage unit 10 or on another electronic device such as
a mobile phone, computer, and/or any other suitable device.

[0053] In some embodiments, backend system 100 may send an order request for a
replacement for physical item 4 to a fulfillment system to physically ship the replacement to an
address associated with storage unit 10. For instance, a user account associated with storage
unit 10 may include a mailing address for individual 2, and may send the mailing address, as well
as any other suitable criteria for ordering the replacement (e.g., billing address, credit card
information, confirmation email address, etc.), to the fulfillment system. In some embodiments, a

user profile stored on backend system 100 may include one or more vendors designated by the
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user as appropriate for ordering replacement goods automatically. In some of those instances, the
user may elect to receive a confirmation message from backend system 100 prior to the order
actually being placed that requires the user to confirm that the automatically prepared order should
indeed be placed. This may provide the user with the opportunity to cancel, modify, or complete
an order for the replacement. In other embodiments, backend system 100 may access one or more
applications to search for vendors offering the best pricing for the replacing the physical item(s)
and backend system 100 may provide the user with a list of those vendors along with the vendor’s
current pricing for the replacement. In still other embodiments, backend system 100 may rank
multiple vendors based on an overall pricing, rating, or any other ranking means, of all of the
physical items that have been identified as needing to be replaced within a predetermined time
period, such as, for example, the following week, based on current weights of physical items within
storage unit 10.

[0054] FIG. 3 is an illustrative diagram of another system for tracking physical items, in
accordance with various embodiments. In one non-limiting embodiment, FIG. 3 shows an
example of providing an individual with a location of physical item 4 within storage unit 10 in
response to receiving an utterance requesting a current location within storage unit 10 of physical
item 4. If individual 2 would like to locate physical item 4 within storage unit 10, individual 2
may speak an utterance, “Where is the ketchup?” to storage unit 10. In some embodiments, storage
unit 10 may include sound controlled functionality, such that a trigger expression, phrase, or input
may be used to activate storage unit 10. In response to being activated, audio captured by one or
more microphones of storage unit 10 may be capture, and audio data representing the audio, which
includes the utterance that requested for a current location of physical item 4, may be sent backend
system 100. Backend system 100 may perform speech processing on the audio data to determine
an intent of the utterance, as well as determine a response to the utterance and/or an action to be
performed.

[0055] Backend system 100, for instance, may determine that the audio data includes a
request for a location of an object, having an object identifier, within storage unit 10 (or on a
portion of storage unit 10). In response, backend system 100 may determine a physical item profile
having the object name located within a device profile of storage unit 10 (e.g., {Object Name}:

ketchup), such as physical item 4. The profile of physical item 4 may also include its current
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location within storage unit 10, which may be associated with one or more sensors, or a particular
intersection point of a grid array of sensors of one of shelves 12. In some embodiments, profile 14
may be stored on an inventory management system. For example, the inventory management
system may be in communication with backend system 100, such that the inventory management
system stores various device profiles associated with various devices. However, persons of
ordinary skill in the art will recognize that inventory management functionality may be included
on backend system 100, a separate system, and/or locally on storage unit 10, or any other suitable
electronic device, or any combination thereof.

[0056] In some embodiments, backend system 100 may receive text data representing a
response message indicating a location of physical item 4. For example, backend system 100 may
receive the text data from an inventory management system including profile 14, or from local
memory storing profile 14. After receiving the text data, backend system may perform text-to-
speech processing to generate audio data representing the text data (e.g., “The ketchup is on the
top right shelf.”). Backend system 100 may then send the audio data to storage unit 10 such that
the response message is output by one or more speakers of storage unit 10.

[0057] The audio data generated by backend system 100 may represent a phrase that allows
individual 2 to locate physical item 4. For example, the location of physical item 4 stored in
profile 14 may be a piece of computer readable data that corresponds to the location of physical
item 4, but may not necessarily inform individual 2 to locate physical item 4 within storage unit 10.
Backend system 100 may include a lookup table or other data structure to associate the location of
physical item 4 with audio data that is informative for individual 2 to locate physical item 4. The
lookup table may include phrases corresponding to locations with storage unit 10 such as, for
example, “top right shelf,” “top left shelf,” “right door middle shelf,” and the like. The lookup
table may associate one of the phrases with corresponding location data points. For example, the
location data points corresponding to a first sensor, or sensors, on the top left shelf may be
associated with the phrase “top left shelf.” In some embodiments, the phrases in the lookup table
may be more detailed (e.g., “back corner of the top left shelf”). Backend system 100 may also
incorporate the name of physical item 4 into the audio data. In some embodiments, backend
system 100 may generate the audio data by incorporating the name and location phrase into a

standard response template. For example, a standard response template may be “The {PHYSICAL
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ITEM NAME} is on the {LOCATION PHRASE}.” The slot, or field, “PHYSICAL ITEM
NAME” may be replaced by a name of physical item 4, and the slot, or field, “LOCATION
PHRASE” may be replaced by the phrase from lookup table corresponding to the location of
physical item 4, such that the response, “The ketchup is on the top right shelf” may be generated.
[0058] FIG. 4 is an illustrative diagram of another system for tracking physical items, in
accordance with various embodiments. In one non-limiting embodiment, FIG. 4 shows an
example of additional information being received from individual 2 regarding physical item 4.
Individual 2 may be prompted by storage unit 10 to provide additional information about physical
item 4 in order to further enhance the user’s experience. For example, after individual 2 places
physical item 4 in storage unit 10 and identifies physical item 4, as was previously described with
respect to FIG. 1, backend system 100 may generate audio data representing a request for
additional information about physical item 4, such as “Which brand is that ketchup?” This brand
information, or any other additional information (e.g., cost, purchase source, type of physical item,
etc.) may be used to build a robust profile 14 for physical item 4, as well as for a storage unit
profile for storage unit 10, such that backend system 100 may learn one or more preferences of
individual 2, or of a usage of storage unit 10. In some embodiments, text data representing a
request for the additional information may be generated, and audio data representing the text data
may also be generated using text-to-speech (“TTS”) processing. Backend system 100 may send
the audio data to storage unit 10, or any other suitable device, in a format (e.g., MP3, MP4, etc.)
that can be played by a speaker of storage unit 10, or one or more additional speakers in
communication with storage unit 10.

[0059] Upon hearing the request for additional information about physical item 4,
individual 2 may speak a second utterance, which for instance may be, “Brand A.” Storage unit 10
may capture audio input data of the utterance using one or more microphones of storage unit 10
and/or in communication with storage unit 10, and may send audio data representing the utterance
to backend system 100. Backend system 100 may analyze the audio data as previously described
(i.e., by using ASR and NLU processing) to determine the additional information such that the
additional information may be included in an updated version of profile 14, or a device profile

corresponding to storage unit 10.
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[0060] The additional information associated with physical item 4 may be any suitable
type of information. For example, the additional information may include a preferred brand, size,
item type (e.g., skim milk vs. 2% milk), expiration date, or any other additional information about
physical item 4. In some embodiments, the additional information may be used by backend
system 100 to identify physical item 4 for reordering purposes. For example, individual 2 may
identify physical item 4 as ketchup and backend system 100 may already know a particular brand
and size of the ketchup (or other information such as a product identifier number used by a
fulfillment system) based on information stored in profile 14, and may order, if so desired, a
replacement physical item for physical item 4 using the stored brand and physical item size
information. In some embodiments, backend system 100 may gather additional information about
physical item 4 without prompting individual 2 for the additional information. For example, some
types of additional information such as nutritional facts of physical item 4, a physical item type
(e.g., drink, condiment, meat, etc.) of physical item 4, recipes having physical item 4 ingredient,
reviews of physical item 4, food pairings with physical item 4, product recalls associated with
physical item 4, and the like, may automatically be gathered by backend system 100 and added to
profile 14 associated with physical item 4. Backend system 100 may, for example, communicate
with information sources such as servers, databases, websites, or other information sources to
gather additional information about physical item 4. For example, an inventory management
system and/or a fulfillment system may be used to supply profile 14 with current information
associated with physical item 4. In some embodiments, backend system 100 may store the
additional information about physical item 4 in profile 14 or, alternatively, backend system 100
may store some of the additional information about physical item 4 in profile 14 and may gather
other additional information about physical item 4 in real-time in response to a command from
individual 4 where the additional information may be relevant (e.g., “How many calories does my
ketchup have per serving?”).

[0061] Backend system 100 may, in some embodiments, use the additional information to
generate responses to various utterance from individual 2. For example, when individual 2
requests information on whether there are enough ingredients in storage unit 10 to make a given
recipe (e.g., “Do I have the ingredients for macaroni and cheese?”), backend system 100 may

locate a recipe for macaroni and cheese and determine whether all the ingredients, and an
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appropriate amount of those ingredients, are located in storage unit 10 (or one or more additional
storage units or systems). For example, backend system 100 may generate responsive audio data
such as “You have milk and butter in the fridge. You don’t have enough macaroni on the shelf.”
Furthermore, backend system 100 may generate an additional response to order one or more of the
ingredients needed. Continuing the previous example, backend system 100 may generate audio
data of a response, “Would you like me to order another box of macaroni?”, and may send the
audio data to storage unit 10 to be output.

[0062] FIG. 5 is an illustrative diagram for providing an individual with remote access to
inventory status information in accordance, with various embodiments. Backend system 100, in
some embodiments, may be configured to provide a status report of some or all of the known
physical items located within storage unit 10 to an individual via a user device 102. User
device 102 may be any type of electronic device such as, without limitation, a mobile phone, a
tablet, a laptop computer, etc. (the information could even obtained remotely via a desktop
computer for the convenience of the individual). In some embodiments, an individual may access
a device profile of storage unit 10 using user device 102. For example, user device 102 may be
capable of receiving a device profile of storage unit 10 from backend system 100, as well as a
separate inventory management system. In response to a request for information related to a
particular physical item, backend system 100 may provide, for example, a physical item’s name,
current weight, percentage used, or any other suitable information associated with one or more
physical items of storage unit 10, to user device 102, which may display the requested information
on a display screen of user device 102, or on an additional display screen.

[0063] Backend system 100, in some embodiments, may also be configured to provide
notification information to user device 102 regarding one or more physical items stored by storage
unit 10. For instance, backend system 100 may send a notification to user device 102 indicating
that a current supply of physical item 4 is low, as well as inquiring whether a replacement physical
item for physical item 4 should be reordered. In some embodiments, backend system 100 may
provide a user with a suggested shopping list based on a current status of the inventory within
storage unit 10. For instance, backend system 100 may determine, based on each physical item
profile 14 of storage unit 10, which physical items are currently below a particular supply threshold

or thresholds, and may produce a list of these physical items for the user. Once the list has been
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determined, backend system 100 may generate display data representing the list, which may be
sent to user device 102 via any of the network connections previously described so that the user
may be able to purchase those physical items (either in-person, such as at a market, or via a
fulfillment service). In some embodiments, backend system 100 may generate audio data
representing the list for being output by storage unit 10 and/or user device 102. For example,
backend system 100 may generate text data representing the list, and then may perform text-to-
speech processing to generate audio data representing the text data, such as an MP3 file that can
be played via speakers on user device 102.

[0064] FIG. 6 is an illustrative diagram of the architecture of the system of FIGS. 1-5, in
accordance with various embodiments. Storage unit 10 may include one or more processors 202,
storage/memory 204, communications circuitry 206, one or more microphones 208 or other audio
input devices (e.g., transducers), one or more speakers 210 or other audio output devices, an
optional input/output (“I/O”) interface 212, and sensors 214. However, one or more additional
components may be included within storage unit 10, and/or one or more components may be
omitted. For example, storage unit 10 may include a power supply or a bus connector. As another
example, storage unit 10 may not include an I/O interface. Furthermore, while multiple instances
of one or more components may be included within storage unit 10, for simplicity only one of each
component has been shown.

[0065] Processor(s) 202 may include any suitable processing circuitry capable of
controlling operations and functionality of storage unit 10, as well as facilitating communications
between various components within storage unit 10. In some embodiments, processor(s) 202 may
include a central processing unit (“CPU”), a graphic processing unit (“GPU”), one or more
microprocessors, a digital signal processor, or any other type of processor, or any combination
thereof. In some embodiments, the functionality of processor(s) 202 may be performed by one or
more hardware logic components including, but not limited to, field-programmable gate arrays
(“FPGA”), application specific integrated circuits (“ASICs”), application-specific standard
products (“ASSPs”), system-on-chip systems (“SOCs”), and/or complex programmable logic
devices (“CPLDs”). Furthermore, each of processor(s) 202 may include its own local memory,

which may store program modules, program data, and/or one or more operating systems.
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However, processor(s) 202 may run an operating system (“OS”) for storage unit 10, and/or one or
more firmware applications, media applications, and/or applications resident thereon.

[0066] Storage/memory 204 may include one or more types of storage mediums such as
any volatile or non-volatile memory, or any removable or non-removable memory implemented
in any suitable manner to store data on storage unit 10. For example, information may be stored
using computer-readable instructions, data structures, and/or program modules. Various types of
storage/memory may include, but are not limited to, hard drives, solid state drives, flash memory,
permanent memory (e.g., ROM), electronically erasable programmable read-only memory
(“EEPROM”), CD-ROM, digital versatile disk (“DVD”) or other optical storage medium,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, RAID
storage systems, or any other storage type, or any combination thereof. Furthermore,
storage/memory 204 may be implemented as computer-readable storage media (“CRSM”), which
may be any available physical media accessible by processor(s) 202 to execute one or more
instructions stored within storage/memory 204. In some embodiments, one or more applications
(e.g., gaming, music, video, calendars, lists, etc.) may be run by processor(s) 202, and may be
stored in memory 204.

[0067] Communications circuitry 206 may include any circuitry allowing or enabling
storage unit 10 to communicate with one or more devices, servers, and/or systems. For example,
communications circuitry 206 may facilitate communications between storage unit 10 and backend
system 100. Communications circuitry 206 may use any communications protocol, such as any
of the previously mentioned exemplary communications protocols. In some embodiments, storage
unit 10 may include an antenna to facilitate wireless communications with a network using various
wireless technologies (e.g., Wi-Fi, Bluetooth®, radiofrequency, etc.). In yet another embodiment,
storage unit 10 may include one or more universal serial bus (“USB”) ports, one or more Ethernet
or broadband ports, and/or any other type of hardwire access port so that communications
circuitry 206 allows storage unit 10 to communicate with one or more communications networks.
[0068] Storage unit 10 may also include one or more microphones 208 and/or transducers.
Microphone(s) 208 may be any suitable component capable of detecting audio signals. For
example, microphone(s) 208 may include one or more sensors for generating electrical signals and

circuitry capable of processing the generated electrical signals. In some embodiments,

27



WO 2017/223298 PCT/US2017/038719

microphone(s) 208 may include multiple microphones capable of detecting various frequency
levels. As an illustrative example, storage unit 10 may include multiple microphones (e.g., four,
seven, ten, etc.) placed at various positions about storage unit 10 to monitor/capture any audio
outputted in the environment where storage unit 10 is located. The various microphones 208 may
include some microphones optimized for distant sounds, while some microphones may be
optimized for sounds occurring within a close range of storage unit 10.

[0069] Storage unit 10 may further include one or more speakers 210. Speaker(s) 210 may
correspond to any suitable mechanism for outputting audio signals. For example, speaker(s) 210
may include one or more speaker units, transducers, arrays of speakers, and/or arrays of
transducers that may be capable of broadcasting audio signals and or audio content to a
surrounding area where storage unit 10 may be located.

[0070] In some embodiments, storage unit 10 may be hard-wired, or wirelessly connected,
to one or more speakers 210. For example, storage unit 10 may cause one or more speakers 210
to output audio thereon. In this particular scenario, storage unit 10 may receive audio to be output
by speakers 210, and storage unit 10 may send the audio to speakers 210 using one or more
communications protocols. For instance, storage unit 10 and speaker(s) 210 may communicate
with one another using a Bluetooth® connection, or another near-field communications protocol.
In some embodiments, storage unit 10 may communicate with speaker(s) 210 indirectly. For
example, storage unit 10 may communicate with backend system 100, and backend system 100
may communicate with speaker(s) 210. In this particular example, storage unit 10 may send audio
data representing a command to play audio using speaker(s) 210 to backend system 100, and
backend system 100 may send the audio to speaker(s) 210 such that speaker(s)210 may play the
audio thereon.

[0071] In some embodiments, one or more microphones 208 may serve as input devices to
receive audio inputs, such as speech from individual 2. Storage unit 10, in the previously
mentioned embodiment, may then also include one or more speakers 210 to output audible
responses. In this manner, storage unit 10 may function solely through speech or audio, without
the use or need for any input mechanisms or displays.

[0072] In some exemplary embodiments, storage unit 10 includes I/O interface 212. The

input portion of I/O interface 212 may correspond to any suitable mechanism for receiving inputs
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from a user of storage unit 10. For example, a camera, keyboard, mouse, joystick, or external
controller may be used as an input mechanism for I/O interface 212. The output portion of I/O
interface 212 may correspond to any suitable mechanism for generating outputs from storage
unit 10. For example, one or more displays may be used as an output mechanism for I/O
interface 212. As another example, one or more lights, light emitting diodes (“LEDs”), or other
visual indicator(s) may be used to output signals via I/O interface 212 of storage unit 10. In some
embodiments, one or more vibrating mechanisms or other haptic features may be included with
I/O interface 212 to provide a haptic response to individual 2 from storage unit 10. Persons of
ordinary skill in the art will recognize that, in some embodiments, one or more features of I/O
interface 212 may be included in a purely voice activated version of storage unit 10. For example,
one or more LED lights may be included on storage unit 10 such that, when microphone(s) 208
receive audio from individual 2, the one or more LED lights become illuminated signifying that
audio has been received by storage unit 10. In some embodiments, I/O interface 212 may include
a display screen and/or touch screen, which may be any size and/or shape and may be located at
any portion of storage unit 10. Various types of displays may include, but are not limited to, liquid
crystal displays (“LCD”), monochrome displays, color graphics adapter (“CGA”) displays,
enhanced graphics adapter (“EGA”) displays, variable graphics array (“VGA”) display, or any
other type of display, or any combination thereof. Still further, a touch screen may, in some
embodiments, correspond to a display screen including capacitive sensing panels capable of
recognizing touch inputs thereon.

[0073] Storage unit 10 may further include one or more sensors 214. Sensors 214 may
correspond to any suitable type of sensor capable of determining a weight and/or location of
physical items placed in storage unit 10, such as on shelves 12. In some exemplary embodiments,
sensors 214 may be arranged in grids on shelves 12 of storage unit 10. For example, sensors 214
may be arranged in a two-dimensional grid. When a physical item is placed on one of shelves 12,
an amount of force being applied to one or more of sensors 214 may be determined, for instance
using processors 202. For example, a weight of an object may be equal to a mass of the object
multiplied by the gravitational constant associated with a particular geographical location where
sensor(s) 214 are located. The weight, in other words, may correspond to an amount of force being

applied to a particular sensor, or sensors, by an object’s mass. Thus, storage unit 10 may be capable
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of determining a weight of an object being placed on, or about, sensor(s) 214, based on a
determined amount of force being applied to sensor(s) 214.

[0074] Each sensor 214 may be associated with a particular location for storage unit 10,
such that the location of a physical item may be determined based on which one or more
sensors 214 sense the weight of the physical item. For example, sensors 214, as mentioned
previously, may be included within one or more of shelves 12. Each of shelves 12 may have an
associated position within storage unit 10 such that, if a particular sensor, or sensors 214, are
determined to have a force being applied to them, then that may correspond to a physical item
being located at an associated location within storage unit 10. As an illustrative example, a first
sensor 214 may be located on a top left shelf 12 of storage unit 10, and further, at a center of
shelf 12. If first sensor 214 determines that a first weight has been applied thereto, this may
indicate that a physical item has been placed at the center of top left shelf 12 of storage unit 10.
[0075] Sensors 214 may correspond to any suitable type of sensor such as, but not limited
to, a force sensor, a load cell, a piezocapacitive sensor, a piezoelectric sensor, a pressure sensor, a
torque sensor, a heat sensor, a light sensor, or any other sensor, or any combination thereof. As an
illustrative example, sensors 214 may correspond to a piezoelectric sensor, capable of measuring
an amount of force or pressure being applied based on an electrical charge. Generally, an amount
of force being applied to the sensor is proportional to a source voltage, such that a change in the
amount of force applied proportionally changes the source voltage. Persons of ordinary skill in
the art will recognize, however, that the aforementioned is merely exemplary, and any suitable
sensor system may be used.

[0076] Backend system 100, as mentioned previously, may, in some embodiments, be in
communication with storage unit 10, as well as one or more additional devices and/or systems.
Backend system 100 includes various components and modules including, but not limited to,
automatic speech recognition (“ASR”) module 258, natural language understanding (“NLU”)
module 260, skills module 262, text-to-speech (“TTS”) module 264, and user accounts
module 268. A speech-to-text (“STT”) module may be included in the ASR module 258. In some
embodiments, backend system 100 may also include computer readable media, including, but not
limited to, flash memory, random access memory (“RAM”), and/or read-only memory (“ROM”).

Backend system 100 may also include various modules that store software, hardware, logic,
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instructions, and/or commands for backend system 100, such as, a speaker identification (“ID”)
module, a user profile module, or any other module, or any combination thereof.

[0077] ASR module 258 may be configured such that it recognizes human speech in
detected audio, such as audio captured by storage unit 10. ASR module 258 may include, in one
embodiment, one or more processor(s) 252, storage/memory 254, and communications
circuitry 256. Processor(s) 252, storage/memory 254, and communications circuitry 256 may, in
some embodiments, be substantially similar to processor(s) 202, storage/memory 204, and
communications circuitry 206, which are described in greater detail above, and the aforementioned
descriptions of the latter may apply. Furthermore, in some embodiments, ASR module 258 may
include speech-to-text (“STT”) module 266. STT module 266 may employ various speech-to-text
techniques. However, techniques for transcribing speech into text are well known in the art and
need not be described in further detail herein, and any suitable computer implemented speech to
text technique may be used to convert the received audio signal(s) into text, such as SOFTSOUND
speech processing technologies available from the Autonomy Corporation, which is headquartered
in Cambridge, England, United Kingdom. Furthermore, ASR module 258 may, in some
embodiments, be capable of leveraging personalized data about an individual, such as using a user
account stored within user accounts module 262. For example, if an individual had just bought a
particular physical item, such as ketchup, then a likelihood that the individual said the physical
item name (e.g., “ketchup”) may be weighted higher than something else that might sound like the
physical item name.

[0078] ASR module 258 may include an expression detector that analyzes audio signals
received by backend system 100, such as the expression detector. Such an expression detector
may be implemented using keyword spotting technology, as an example. A keyword spotter is a
functional component or algorithm that evaluates an audio signal to detect the presence of a
predefined word or expression, such as a passphrase or other sound data, within the audio signals.
Rather than producing a transcription of words of the speech, a keyword spotter generates a
true/false output (e.g., a logical 1/0) to indicate whether or not the predefined word or expression
was represented in the audio signal. In some embodiments, an expression detector may be
configured to analyze the audio signal to produce a score indicating a likelihood that the wakeword

or phrase, is represented within the audio signal. The expression detector may then compare that
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score to a threshold value to determine whether the wakeword or phrase will be declared as having
been spoken.

[0079] For instance, ASR module 258 may transcribe received audio data into text data
representing the words of the speech contained in the audio data using STT module 266. The text
data may then be used by other components for various purposes, such as executing system
commands, inputting data, etc. ASR module 258 may then interpret an utterance based on the
similarity between the utterance and pre-established language models stored in an ASR model
knowledge base of storage/memory 254. For example, the input audio data may be compared with
models for sounds (e.g., sub-word units or phonemes) and sequences of sounds to identify words
that match the sequence of sounds spoken in the utterance of the audio data.

[0080] The different ways a spoken utterance may be interpreted (i.e., the different
hypotheses) may each be assigned a probability or a confidence score representing a likelihood
that a particular set of words matches those spoken in the utterance. The confidence score may be
based on a number of factors including, for example, the similarity of the sound in the utterance to
models for language sounds (e.g., an acoustic model), and the likelihood that a particular word
which matches the sounds would be included in the sentence at the specific location (e.g., using a
language or grammar model). Thus each potential textual interpretation of the spoken utterance
(hypothesis) is associated with a confidence score. Based on the considered factors and the
assigned confidence score, ASR module 258 may output the most likely text recognized in the
audio data. ASR module 258 may also output multiple hypotheses in the form of a lattice or an
N-best list with each hypothesis corresponding to a confidence score or other score (such as
probability scores, etc.).

[0081] ASR module 258 may further attempts to match received feature vectors to
language phonemes and words as known in acoustic models and language models stored within
storage/memory 254 of ASR module 258. Recognition scores may be determined for the feature
vectors based on acoustic information and language information. The acoustic information may
be used to calculate an acoustic score representing a likelihood that the intended sound represented
by a group of feature vectors matches a language phoneme. The language information may be
used to adjust the acoustic score by considering what sounds and/or words are used in context with

each other, thereby improving the likelihood that the speech recognition process will output speech
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results that make sense grammatically. The specific models used may be general models or may
be models corresponding to a particular domain, such as music, application
enablement/disablement, shopping, etc.

[0082] ASR module 258 may generate results in the form of a single textual representation
of the speech, an N-best list including multiple hypotheses and respective scores, and/or lattice,
for example, which may be sent to NLU module 260 for processing, such as conversion of the text
into commands for execution, either by storage unit 10, backend system 100, or by another device,
such as a separate device or server capable of performing one or more additional functionalities
thereon (e.g., an inventory management system, a fulfillment system, etc.).

[0083] NLU module 260 may be configured such that it determines user intent based on
the detected audio received from storage unit 10. NLU module 260 may include processor(s) 252,
storage/memory 254, and communications circuitry 256. NLU module 260 may communicate the
received command to an appropriate subject matter server, application, or skill on subject matter
servers/skills module 262 to cause one or more specific functionalities to be accessible, perform
one or more tasks, and/or retrieve an appropriate response or response information. NLU
module 260 may include processor(s) 252, storage/memory 254, and communications
circuitry 256 which, in one embodiment, may be substantially similar to processor(s) 202,
storage/memory 204, and communications circuitry 206 of electronic device 200, and the previous
description may apply.

[0084] NLU module 260 may identify portions of text that correspond to a named entity
recognizable by NLU module 260. A downstream process called named entity resolution may be
configured to link a portion of text to an actual specific known entity. To perform named entity
resolution, the system may utilize gazetteer information stored in an entity library storage. The
gazetteer information may be used for entity resolution, for example matching ASR results with
different entities (such as song titles, contact names, etc.). Gazetteers may be linked to a user
account or profile of users accounts module 268, certain domains (e.g., music or shopping), or may
be organized in a variety of other ways.

[0085] Generally, NLU module 260 takes textual input and attempts to make a semantic
interpretation of the text. That is, NLU module 260 may be configured to determine a meaning of

text based on the individual words and then implements that meaning. In some embodiments,
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NLU module 260 may interpret a text string to derive an intent or a desired action of the utterance
(e.g., utterance 4) as well as the pertinent pieces of information in the text that allow an action to
be completed. For example, if a spoken utterance is processed by ASR module 258 and outputs
the text, “call mom,” NLU module 260 may determine that an intent of the utterance is to activate
a telephone, or telephone functionality, and to initiate a call with a contact matching the entity
“mom”. In some embodiments, NLU module 260 may process several textual inputs related to
the same utterance. For example, if ASR module 258 outputs N text segments (as part of an N-
best list), then NLU module 260 may process all N outputs.

[0086] NLU module 260 may be configured to parse and tag annotate text. For example,

29 CC

for the text “call mom,” “call” may be tagged as a command (e.g., a command to execute a phone
call), and “mom” may be tagged as a specific entity and target of the command (e.g., a telephone
number for the entity corresponding to “mom” stored in a contact list). Further, NLU module 260
may be used to provide answer data in response to queries, for example using a knowledge base
stored within storage/memory 254 of NLU module 260 and/or storage/memory of backend
system 100.

[0087] To correctly perform natural language understanding processing of speech input,
NLU module 260 may be configured to determine a “domain” of an utterance. By determining
the domain, NLU module 260 may narrow down which services and functionalities offered by an
endpoint device (e.g., storage unit 10, backend system 100, or any other electronic device or
system) may be relevant.

[0088] Category servers/skills module 262 may, for example, correspond to various action
specific skills or servers capable of processing various task specific actions. Category
servers/skills module 262 may further correspond to first party applications and/or third party
applications operable to perform different tasks or actions. For example, based on the context of
audio received from storage unit 10, backend system 100 may use a certain application or skill to
retrieve or generate a response, which in turn may be communicated back to storage unit 10. In
some embodiments, category servers/skills module 262 may include an inventory management
system or module capable of monitoring, analyzing, and storing information related to one or more
physical items stored by storage unit 10. Furthermore, category servers/skills module 262 may

further include one or more fulfillment applications, capable of communicating with various
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fulfillment services, which may be used for ordering replacement physical items and/or purchasing
physical items.  Category servers/skills module 262 may include processor(s) 252,
storage/memory 254, and communications circuitry 256. As an illustrative example, Category
servers/skills module 262 may correspond to one or more inventory management servers for
storing and processing information related to physical items stored in storage unit 10.

[0089] TTS module 264 may employ various text-to-speech techniques. Techniques for
transcribing speech into text are well known in the art and need not be described in further detail
herein, any suitable computer implemented speech to text technique may be used to convert the
received audio signal(s) into text, such as SOFTSOUND speech processing technologies available
from the Autonomy Corporation, which is headquartered in Cambridge, England, United
Kingdom. TTS module 264 may also include processor(s) 252, storage/memory 254, and
communications circuitry 256.

[0090] User accounts module 268 may store one or more user profiles corresponding to
users having a registered account on backend system 100. For example, a parent may have a
registered account on backend system 100, and each of the parent’s children may have their own
user profile registered under the parent’s registered account. Information, settings, and/or
preferences, for example, for each user profile may be stored within a user profile database. In
some embodiments, user accounts module 268 may store a voice signal, such as voice biometric
information, for a specific user profile. This may allow speaker identification techniques to be
used to match a voice to voice biometric data associated with a specific user profile. In some
embodiments, user accounts module 268 may store a telephone number assigned to a particular
user profile. In some embodiments, a user profile may be associated with a particular device, such
as storage unit 10, and may indicate various properties, characteristics, and/or information
associated with one or more physical items stored by storage unit 10. For example, a weight,
location, item type, name, and the like, stored by storage unit 10 may be included within a
particular user profile.

[0091] Persons of ordinary skill in the art will recognize that although each of ASR
module 258, NLU module 260, Category servers/skills module 262 , TTS module 264, and user
accounts module 268 include instances of processor(s) 252, storage/memory 254, and

communications circuitry 256, those instances of processor(s) 252, storage/memory 254, and
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communications circuitry 256 within each of ASR module 258, NLU module 260, Category
servers/skills module 262 | TTS module 264, and user accounts module 268 may differ. For
example, the structure, function, and style of processor(s) 252 within ASR module 258 may be
substantially similar to the structure, function, and style of processor(s) 252 within NLU
module 260, however the actual processor(s) 252 need not be the same entity.

[0092] Backend system 100 and/or storage unit 10 may also be in communication with
inventory management system 270 and inventory ordering system 272. Inventory management
system 270 may store profiles, such as profile 14, associated with storage unit 10, as well as device
profiles for various storage devices, such as storage unit 10. Inventory management system 270
may also include applications and/or routines that facilitate tracking the physical items located
within storage unit 10. Inventory management system 270 may communicate with other modules
of backend system 100, such as ASR module 258, NLU module 260, category servers 262, and
user accounts module 268. For example, when individual 2 speaks an utterance requesting a
location of physical item 4, backend system 100 may receive audio data representing the utterance,
and, using ASR module 258, may generate text data representing the audio data. NLU module 260
may then determine an intent of the utterance, and may send a request for location information
associated with physical item 4 to inventory management system 270. In response, inventory
management system 270 may send, to backend system 100, a current location of physical item 4
(e.g., a particular location within storage unit 10, or a particular sensor or sensors associated with
physical item 4), and backend system 100 may generate audio data of a response to be output to
individual 2 regarding the current location of physical item 4. Alternatively, inventory
management system 270 may send text data representing a response message indicating a current
location of physical item 4 to backend system 100, which in turn may generate audio data
representing the text data, and may send the audio data to storage unit 10 to be output by
speaker(s) 210.

[0093] In some embodiments, backend system 100 and/or storage unit 10 may send sensor
data, a device identifier of storage unit 10, a user account associated with a device identifier for
storage unit 10, physical item information identifying the name of the physical item, text data
representing an intent, and/or a location request of the physical item, to inventory management

system 270. Inventory management system 270 may then determine a corresponding device
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profile or physical item profile (e.g., profile 14) stored thereon associated with storage unit 10
and/or physical item 4, and may determine the location of the physical item from profile 14
associated with physical item 4. In some embodiments, inventory management system 270 may
generate text data identifying the location of the physical item and provide the text data to TTS
module 264 to generate audio data to be sent to storage unit 10. In some embodiments, inventory
management system 270 may generate text data requesting a follow-up message, such as a
confirmation request (e.g., a request for confirmation of a name of a physical item) and provide
such text data to backend system 100 for generating audio data to be sent to storage unit 10. For
example, if inventory management system 270 cannot identify a profile associated with a particular
physical item, inventory management system 270 may generate text data requesting a confirmation
message requesting the user to identify a particular physical item (e.g., “What is the name of the
physical item you are looking for?”). Inventory management system 270 may also include
processor(s) 252, storage/memory 254, and communications circuitry 256.

[0094] Inventory ordering module 272 may include routines and/or applications to
facilitate ordering of physical items. For example, inventory ordering module 272 may be part of
a supplier ordering system or fulfillment system capable of fulfilling orders for physical items
made by an individual, or made on behalf of an individual, such via a user device, user account
setting, or the like. Inventory management system 270 may provide inventory ordering
module 272 a name or other identification information (e.g., a serial number) to place an order for
the physical item. Inventory management system 270 may also obtain customer information (e.g.,
shipping information, payment information, etc.) from user accounts module 268 and provide it to
inventory ordering module 272.  Inventory ordering module 272 may also include
processor(s) 252, storage/memory 254, and communications circuitry 256.

[0095] Inventory management system 270 and inventory ordering module 272 may be
separate from the other modules of backend system 100. It will be appreciated, though, that one
or both of inventory management system 270 and inventory ordering module 272 may also be
incorporated into backend system 100, a separate user device (e.g.,. user device 102), and/or
storage unit 10.

[0096] FIG. 7 is an illustrative diagram of a category servers/skills module including an

inventory management system, in accordance with various embodiments. In some embodiments,
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skills module 262 may include an inventory management application 280. Inventory management
application 280 may include various functionalities that provide inventory management processing
such as, for example and without limitation, generating physical item profiles corresponding to
physical items stored in storage unit 10, generating device profiles associated devices (e.g., storage
unit 10), updating profiles corresponding to physical items stored in storage unit 10, and other
functions associated with managing the inventory of storage unit 10. For example, inventory
management application 280 may include one or more servers for storing profiles (e.g., profiles 14)
associated with various physical items (e.g., physical item 4) stored by storage unit 10. In some
embodiments, inventory management application 280 may be provided in addition to inventory
management system 270 and inventory management functionality may be split between inventory
management system 270 and inventory management application 280. It will also be appreciated
that inventory management skill module 268 may be omitted without departing from the scope of
the disclosed concept.

[0097] In some embodiments, inventory management module 280 may facilitate
communications with one or more of inventory management system 280 and inventory ordering
module 272. For instance, in response to receiving an utterance, inventory management
application 280 may be used to communicate a request determined from the utterance to inventory
management system 270. As an illustrative example, if the utterance is, “Alexa — Where is the
ketchup?”, a request for a location within a device associated with a device identifier of storage
unit 10 for a physical item having a name, “ketchup,” may be sent to inventory management
system 270 using inventory management application 280.

[0098] FIG. 8 is an illustrative diagram of how a storage unit profile may be created and
maintained in accordance with various embodiments. In addition to generating and updating
physical item profile 14 as previously described, backend system 100 may additionally generate a
storage unit profile 16 for storage unit 10. Storage unit profile 16 may include individual
profiles 14A-C corresponding to various physical items stored in storage unit 10. In the illustrative
embodiment, storage unit profile 16 may include three profiles 14A-C, corresponding to items A,
B, and C, respectively. Item A, for example, might be milk and profile 14A may include
information for this product. For instance, profile 14A may indicate that a type of physical item

(e.g., skim milk), an item size (e.g., half gallon), an item weight (e.g., weight X pounds full), and
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an item location within storage unit 10 (e.g., top left shelf toward the front). Item B, on the other
hand, might be orange juice and profile 14B may include information for this product. For
example, profile 14B may indicate a type of physical item (e.g., “no pulp” juice), an item size (e.g.,
half gallon), an item weight (e.g., weighs Y pounds), and an item location within storage unit 10
(e.g., bottom right shelf toward the front). Still further, item C, for example, might be another
physical item stored within storage unit 10, and profile 14C may include information for item C.
[0099] FIG. 9 is an illustrative diagram of a shelf including sensors, in accordance with
various embodiments. Shelf 12, in one exemplary, non-limiting embodiment, may include
sensors 214 that may be configured to determine a weight of one or more physical items, such as
physical item 4, placed on shelf 12. In one embodiment, sensors 214 may be arranged in a grid-
type pattern on shelf 12. For instance, in the illustrative embodiment, shelf 12 may include nine
sensors 214 arranged in a three sensor by three sensor grid. However, it will be appreciated by
those having ordinary skill in the art that any number of sensors 214 may be used on shelf 12, and
sensors 214 may be arranged in any suitable manner. For example, shelf 12 may include more
than or less than nine sensors 214.

[0100] Sensors 214 may be any sensors capable of determining an amount of force being
applied by a physical item thereto. For example, sensors 214 may be capable of determining a
weight of a physical item stored on shelf 12. Sensors 214 may be any suitable types of sensor,
such as, and without limitation, load sensors, strain gauges, pressure transducers, load cells, etc.
Backend system 100 may recognize that individual objects may be placed within storage unit 10
such that they are within the range of affecting multiple sensors 214 instead of a single sensor.
Backend system may take the inputs from multiple sensors in order to accurately determine a
weight of each physical item 4 placed therein. For instance, as seen in FIG. 9, physical item 4 may
be located on shelf 12 such that a portion of physical item 4 resides on some of two different
sensors 214. Backend system 100 may also estimate a size (e.g., a “footprint”) of physical item 4
based on a number of sensors 214 that physical item 4 resides on. For example, backend
system 100 may determine that a physical item that spans four sensors 214 is larger than a physical
item that only spans two sensors 214. However, this may correspond to one physical item having
a larger footprint, whereas a weight, width, and/or height of either physical item may differ.

Although sensors 214 illustrated in FIG. 9 are relatively large compared to physical item 4, in
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some embodiments, a much larger number of smaller sensors may be arranged on shelf 12. A
larger number of smaller sensors may allow for a more accurate estimation of the size of physical
item 4 which, in turn, may allow backend system 100 to identify a location, weight, and/or size of
physical item 4 with a higher confidence factor, for instance, when physical item 4 is removed
from and/or placed back in storage unit 10.

[0101] FIG. 10 is an illustrative diagram of a storage unit including a display, in
accordance with various embodiments. FIG. 11 is an illustrative diagram of a portion of the display
of FIG. 10, in accordance with various embodiments. As previously described, storage unit 10
may include input/output interface 212 that correspond to a display. For instance, I/O interface 212
may be a touch sensitive display screen, capable of displaying content and receiving touch inputs.
In one embodiment, display I/O interface 212 may show various physical items stored by storage
unit 10, as well as additional information associated with those physical items. For example, for
each physical item presented on interface 212, a name of that physical item, as well as a current
amount remaining of each physical item, may be included within that physical item’s display
portion. Alternatively, some or all of the same information shown on interface 212 may be
provided in a substantially same format on user device 102, such that an individual may use user
device 102 for various tasks, such as shopping for replacement physical items. Displayed
interface 212 may include generic names of the physical items stored by storage unit 10, as well
as graphical bars indicating an amount of each physical item that remains. The bars may include
graphical information, such as color ranges, percentages, and/or words (e.g., “Full,” “Empty,”
etc.), to further provide the individual with more detailed information regarding each physical
item’s current status. For instance, a product weighing seventy-five percent or more of its initial
weight may be displayed using a green bar, whereas a product weight less than seventy-five
percent, but more than twenty-five percent, of its initial weight may be displayed using a yellow
bar, and a product weighing less than twenty-five percent of its initial weight may be displayed
using a red bar.

[0102] In some embodiments, interface 212 may further group various physical items into
categories based on any particular criteria, such as usage, type of product, etc. For example,

2

frequently used physical items may be grouped together as “Common Items,” including such

physical items as Milk, Butter, Cheese, etc. As another example, less commonly used physical
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items may also be grouped together, and uncommon physical items may be grouped together as
well. Still further, physical items may be grouped based on their physical item type. For instance,
diary physical items may be grouped together, meats may be grouped together, drinks may be
grouped together, etc. As an illustrative example, group 30 — “Less Common Items” may present
information regarding physical items that have been used less than a certain number of times (e.g.,
less than five times in one week) but more than another amount (e.g., greater than once a week).
[0103] As shown in FIG. 11, group 30 may be displayed to show an amount of each
physical item of this group that may be remaining. For example, status bars may be used to show
how much of a physical item has been used thus far. Alternatively, instead of showing how much
of the physical item is remaining, a number of servings of a physical item may be displayed. In
some embodiments, a predetermined weight of a serving of a physical item may be stored in the
profile associated with the physical item. Backend system 100 may determine the amount of
servings of the physical item based on the weight of the physical item and the predetermined
weight of a serving. Backend system 100 may then send the number of servings of the physical
item left to storage unit 10 to be displayed. Backend system 100 may access, via category
skills/server 262, standard information about a majority of the products typically stored within
storage unit 10. For example, backend system 100 may access industry standard information such
as the exact weight for a thirty-two ounce bottle of ketchup for a particular brand without the
individual user ever having to provide it. Accessing and utilizing that information in a transparent
manner without having to engage the individual user should greatly improve the individual’s user
experience.

[0104] FIG. 11 is an illustrative diagram of a portion of the display of FIG. 10, in
accordance with various embodiments. Process 1000 may be implemented, for example, by
backend system 100, and may begin, in some embodiments, at step 1002. At step 1002, backend
system 100 may receive audio data, as well as sensor data associated with physical item 4 from
storage unit 10. The audio data may represent an utterance corresponding to user-provided name
for physical item 4, while the sensor data may include a weight determined by one or more sensors
of storage unit 10 and a location of physical item 10 in storage unit 10. The weight and location

of physical item 4 may be determined by comparing the sensor data from just prior to physical
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item 4 being placed in storage unit 10 to the sensor data from just after physical item 4 was placed
in storage unit 10.

[0105] At step 1004, backend system 100 may extract, or determine, the user-provided
name of physical item 4 from the audio data. Backend system 100 may use, for example,
automated speech recognition processing to generate text data representing the audio data, and
may use natural language understanding processing to extract the user-provided name of physical
item 4 from the text data. At step 1006, backend system 100 may generate profile 14 associated
with physical item 4. Profile 14, in one embodiment, may be stored within storage/memory 254
for a user account associated with storage unit 10. In another embodiment, profile 14 may be
generated and stored on a separate inventory management system 270. At step 1008, backend
system 100 may add the user-provided physical item name, determined weight, and/or location of
physical item 4 to profile 14. After profile 14 is generated, it may be updated to reflect new
weights, names, and/or locations of physical item 4. Additional information (e.g., a brand of
physical item 4) may also be added to profile 14.

[0106] FIG. 13 is an illustrative flowchart of a process for monitoring an amount of a
physical item, in accordance with various embodiments. Process 1100 may be implemented, for
example, by backend system 100 and/or inventory management system 270, and in one
embodiment, may begin at step 1102. At step 1102, backend system 100 receives sensor data
associated with physical item 4, such as weight sensor data representing a first weight of physical
item 4. The sensor data may be sent from storage unit 10 to backend system 100 in response to a
physical item is placed in, or removed from storage unit 10. For example, in response to a door of
storage unit 10 being opened, storage unit 10 may poll sensors 214, which may sensors 214 to
determine an amount of force currently being applied to them. Storage unit 10 may then send
sensor data representing a determined weight for a particular sensor, or sensors, to backend
system 100 and/or inventory management system 272.

[0107] At step 1104, backend system 100 may add a determined weight of physical item 4
to profile 14. The weight of physical item 4 may replace a previously stored “current” weight of
physical item 4 in profile 14. Profile 14, as previously described, may also include a “full” weight
for each object which may not vary over time. For instance, to determine an amount of the physical

item that has been used may be made by subtracting the “current” weight from the “full” weight.
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In some embodiments, however, the “current” weight may be compared to a fixed threshold value
set by the individual (e.g., a percentage of the original weight, less than a threshold weight, etc.).
In some embodiments, profile 14 may alternatively, or additionally, be stored by inventory
management system 270. Thus, in response to receiving the sensor data, backend system 100 may
send the sensor data and a device identifier or user account associated with storage unit 10 to
inventory management system 270.

[0108] At step 1106, backend system 100 may determine whether the weight of physical
item 4 is below a predetermined threshold weight. The predetermined threshold weight may, in
some embodiments, correspond to a weight at which a replacement for physical item 4 should be
reordered. In some embodiments, the predetermined threshold weight may be based on the type
of physical item 4. For example, ketchup may have a predetermined threshold weight, while milk
may have a different predetermined threshold weight. In some embodiments, individual 2 may set
the predetermined threshold weight for each physical item, or the threshold weight may be set by
backend system 100 and/or inventory management system 270. If backend system 100 determines
that the weight of physical item 4 is greater than, or equal to, the predetermined threshold weight,
process 1100 proceed to step 1108, where process 100 may end.

[0109] However, if backend system 100 determines that the weight of physical item 4 is
below the predetermined threshold weight, process 1100 may proceed to step 1110. At step 1110,
backend system 100 may generate notification information. In some embodiments, the notification
information may correspond to a notification that physical item 4 should be reordered. In some
other embodiments, backend system 100 may automatically order a replacement for physical
item 4, and the notification information may indicate that an order for physical item 4 has been
sent to a supplier (e.g., inventory ordering module 272). In still other embodiments, inventory
management system 270 may generate and send the order notification to inventory ordering
module 272, however persons of ordinary skill in the art will recognize that this is merely
exemplary.

[0110] At step 1112, backend system 100 may send the notification information to storage
unit 10 and/or user device 102. In some embodiments, backend system 100 may send the
notification information to storage unit 10, as well as audio data and/or display data, which may

correspond to an audio or visual notification that physical item 4 should be, or has been, reordered.
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Storage unit 10 may output the notification through its speakers as audio or it may visually show
the notification on a display. In some other embodiments, backend system 100 may send the
notification information to a supplier of physical item 4 in order to automatically reorder physical
item 4. Persons of ordinary skill in the art will further recognize that, in some embodiments,
steps 1110 and 1112 may occur at a substantially same time, and the aforementioned is merely
exemplary.

[0111] FIG. 14 is an illustrative flowchart of a process for providing a location of a physical
item, in accordance with various embodiments. Process 1200 may be implemented, for example,
by backend system 100 and/or inventory management system 270. Process 1200, in some
embodiments, may begin at step 1202. At step 1202, backend system 100 may receive audio data
representing an utterance asking for a location of a physical item (e.g., “ketchup”) from storage
unit 10. At step 1204, backend system 100 may determine that the audio data includes the request
for the location of physical item 4. For instance, backend system 100 may perform speech-to-text
processing to generate text data representing the audio data, and may perform natural language
understanding processing to determine that the text data includes the request for the location of
physical item 4.

[0112] At step 1206, backend system 100 may retrieve location information associated
with physical item 4 from profile 14 corresponding to physical item 4. For instance, backend
system 100 may, additionally, receive a device identifier for storage unit 10, and using the device
identifier, may determine a user account on backend system 100 that may be associated with
storage unit 10. Using the user account, backend system 100 may determine a device profile, as
well as a physical item profile, associated with storage unit 10, where the device and/or physical
item profile may be stored by backend system 100 with the user account, as well as, or
alternatively, being stored by inventory management system 270. Using the device profile and/or
the physical item profile, a location within storage unit 10 (e.g., “top left shelf”) of the requested
physical item may be determined.

[0113] At step 1208, backend system 100 may generate responsive audio data representing
the location of physical item 4. In some embodiments, backend system 100 may, itself, generate
text data representing the location of the requested physical item, or backend system 100 may

receive text data representing a message indicating the location of the requested physical item.
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Backend system 100 may then perform text-to-speech processing to generate responsive audio
data representing the text data, to indicate the location of the requested physical item. Atstep 1210,
backend system 100 may send the responsive audio data to storage unit 10 such that storage unit
10 may output the responsive audio data through its speakers (e.g., speaker(s) 210).

[0114] FIG. 15 is an illustrative flowchart of a process for gathering additional information
about a physical item, in accordance with various embodiments. Process 1300 may be
implemented, for example, by backend system 100 and/or inventory management system 270. In
some embodiments, process 1300 may begin at step 1302. At step 1302, backend system 100 may
receive first audio data representing an utterance indicating a name associated with physical item 4
from storage unit 10. The utterance may include, for example, a user-provided name of physical
item 4. For example, individual 2 may say, “This is ketchup.” At step 1304, backend system 100
may generate text data representing a request for additional information about physical item 4, and
may further generate audio data representing the text data. In some embodiments, backend
system 100 may receive the text data from inventory management system 270 in response to
receiving text data representing the first audio data from backend system 100. For example, in
some embodiments, the second audio data may correspond to an audio message of a request for a
brand of physical item 4. At step 1306, backend system 100 may send the second audio data to
storage unit 10, such that storage unit 10 may output the second audio data through its speakers
thereby allowing an individual in the vicinity of storage unit 10, such as individual 2, to hear the
request for additional information.

[0115] At step 1308, backend system 100 may receive third audio data from storage
unit 10. The third audio data may represent an additional utterance including the additional
information about physical item 4 provided by individual 2. Backend system 100 may determine
the additional information about physical item 4 from the third audio data by using, for example,
speech-to-text and natural language understanding processing. At step 1310, backend system 100
may add the additional information about physical item 4 to profile 14 corresponding to physical
item 4. For example, in response to receiving audio data representing the utterance, “The brand
name is ‘Brand 1°,” backend system 100 may cause profile 14 for physical item 4 to be updated to

indicate that the brand of physical item 4 is “Brand 1.”
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[0116] FIG. 16 is an illustrative flowchart of a process for identifying a physical item, in
accordance with various embodiments. Process 1400 may be implemented, for example, by
backend system 100 and/or inventory management system 270. In some embodiments,
process 1400 may begin at step 1402. At step 1402, backend system 100 may receive first sensor
data from storage unit 10, where the first sensor data may indicate a first weight of a physical item
residing on a first sensor, or sensors, as being no weight (e.g., zero). The first sensor data may
also include a first timestamp indicating a first time at which the first sensor data was determined
by the first sensor(s).

[0117] At step 1404, backend system 100 may determine that a physical item profile
associated with the given location or sensor(s) and, from the profile, determine a particular
physical item that is associated with that given location. In other words, backend system 100 may
determine the identity of the physical item that was removed from storage unit 10 based, at least
in part, on the location of the first sensor, and that no weight is currently being measured by the
first sensor(s). Backend system 100 may also determine an initial, or most recent, weight of the
physical item from the profile. At step 1406, backend system 100 may receive second sensor data
indicating that a physical item was placed at a given location in storage unit 10. For example, in
response to a door of storage unit 10 being opened, storage unit 10 may determine whether any
sensors 214 of storage unit 10 detected a change in weight being applied to them, and based on the
determined change, may be determine whether a physical item has been placed in storage unit 10.
For instance, if a sensor measured no weight, and then after the door opened, measured a non-zero
weight, then this may indicate that a physical item was placed in storage unit 10 at a location
associated with that sensor. The second sensor data may indicate a second weight of the physical
item at the given location and may also include a second timestamp indicating a second time at
which the second sensor data was obtained.

[0118] At step 1408, backend system 100 may determine whether the difference between
the first and second times (i.e., the difference in time between physical item 4 was removed from
storage unit 10 and an as yet unidentified physical item was placed in storage unit 10) is within a
predetermined threshold time. If backend system 100 determines that the difference between the
first and second time is within the predetermined threshold times, it raises the confidence factor

that backend system 100 can correctly identify the physical item that was placed in storage unit 10
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and process 1400 proceeds to step 1410. At step 1410, backend system 100 may determine
whether the difference between the first and second weights is within a threshold weight value. If
backend system 100 determines that the difference between the first and second weights is within
the predetermined threshold weight value, it further raises the confidence factor that backend
system 100 can correctly identify the physical item that was placed in storage unit 10 and
process 1400 proceeds to step 1412. In some embodiments, determinations of “YES” at steps 1408
and 1410 may raise the confidence factor high enough that backend system 100 may determine
that the physical item placed in storage unit 10 is, in fact, physical item 4, which was recently
removed from storage unit 10 without requesting a confirmation. Accordingly, process 1400 may
proceed to step 1412 and backend system 100 may update profile 14 corresponding to physical
item 4 by adding the new weight and location of physical item 4 to profile 14.

[0119] In some embodiments, when the difference between the first and second time is
within the predetermined threshold time or the difference between the first and second weights is
within the predetermined threshold weight, backend system 100 may request a confirmation of the
name of the physical item that was placed in storage unit 10. For example, if backend system 100
determines that the difference between the first and second times is not within the predetermined
threshold time at step 1408 and then determines that the difference between the first and second
weights is within the predetermined threshold weight at step 1414, process 1400 may proceed to
step 1416. Similarly, if backend system 100 determines that the difference between the first and
second times is within the predetermined threshold time at step 1408 and the determines that the
difference between the first and second weights is not within the predetermined threshold weight,
process 1400 may proceed to step 1416. At step 1416, backend system 100 may request a
confirmation of the name of the physical item placed in storage unit 10 by generating audio data
representing the request for confirmation and sending it to storage unit 10. In some embodiments,
backend system 100 may incorporate the name of physical item 4 into the request (e.g., “Did you
place ketchup in the refrigerator?””). Also, in some embodiments, if backend system 100 receives
a negative response to the request for confirmation of the name of the physical item, backend
system 100 may subsequently generate a request for the name of the physical item (e.g., “What

item did you place in the refrigerator?”).
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[0120] In the case that backend system 100 determines that the difference between the first
and second times is not within the predetermined threshold time at step 1408 and that the difference
between the first and second weights is not within the predetermined threshold weight at step 1414,
process 1400 may proceed to step 1418. In some embodiments, negative determinations at
steps 1408 and 1418 lower the confidence factor that backend system 100 can correctly identify
the physical item placed in storage unit 10 enough that it is very unlikely that backend system 100
can even postulate a name of the physical item placed in storage unit 10. In this case, rather than
requesting a confirmation of the name of the physical item placed in storage unit 10, backend
system 100 may generate a request for the name of the physical item placed in storage unit 10
(e.g., “What item did you just place in the refrigerator?”) at step 1418.
[0121] The various embodiments of the invention may be implemented by software, but
may also be implemented in hardware, or in a combination of hardware and software. The
invention may also be embodied as computer readable code on a computer readable medium. The
computer readable medium may be any data storage device which may thereafter be read by a
computer system.
[0122] The foregoing may also be understood in view of the following clauses.
1. A method for tracking inventory in a refrigerator, the method comprising:
receiving, at an electronic device, first audio data representing a first utterance
asking where a first physical item is located within the refrigerator in response to a door of
the refrigerator being opened,
receiving, from the refrigerator, a device identifier associated with the refrigerator;
generating first text data representing the first audio data by performing automated
speech recognition processing on the first audio data;
determining, using natural language understanding processing, that the first text
data corresponds to a request for a location of a name of the first physical item;
determining that the name corresponds to the first physical item;
determining a user account that is associated with the device identifier;
determining a refrigerator profile on an inventory management system that is

associated with user account, the refrigerator profile including location information,
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physical item information, and weight information associated with physical items stored
within the refrigerator;

sending, to the inventory management system, a first request for a first location of
an object having the name within the refrigerator, wherein sending the request comprises
sending the device identifier and the first text data to the inventory management system
such that the refrigerator profile is accessed;

receiving, from the inventory management system, second text data representing a
response message indicating the first location of the first physical item within the
refrigerator;

generating second audio data by performing text-to-speech processing on the
second text data; and

sending the second audio data to the refrigerator such that the response message is

played by a speaker of the refrigerator.

2. The method of clause 1, further comprising:

receiving, from the refrigerator, first weight sensor data representing a first weight
determined by a first weight sensor of the refrigerator;

receiving third audio data representing a second utterance that indicates that the
first physical item was placed within the refrigerator at a second location,;

generating third text data representing the third audio data by performing the
automated speech recognition processing on the third audio data;

determining, using the natural language understanding processing, that the third
text data indicates that the first physical item having the name was placed at the second
location; and

sending, to the inventory management system, the third text data and the first
weight sensor data such that the inventory management system is able to update the
refrigerator profile to have the first physical item be associated with the second location be

associated, and update a current weight of the first physical item to be the first weight.

3. The method of clause 1, further comprising:
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receiving, from the refrigerator, third audio data representing a second utterance
requesting a current location of a second physical item while the door is still open,;

generating third text data representing the third audio data by performing the
automated speech recognition processing on the third audio data;

determining, using the natural language understanding functionality, that the third
text data corresponds to a request for the current location of the second physical item, the
second physical item having a second physical item name;

sending, to the inventory management system, a second request for the current
location of the second physical item associated with the second physical item name;

receiving, from the inventory management system, fourth text data representing an
additional response message indicating that, for the refrigerator profile, the second physical
item is currently located at a second location within the refrigerator;

generating fourth audio data representing the fourth text data by performing the
text-to-speech processing on the third text data; and

sending the fourth audio data to the refrigerator such that the additional message is
played by the speaker to indicate that the second physical item is located at the second

location.

4. The method of clause 1, further comprising:

receiving, prior to receiving the first audio data, a notification that the door has been
opened based on the refrigerator determining that a door sensor of the refrigerator output a
signal indicating that the door was opened; and

causing, in response to the notification, the first audio data to be received from the
refrigerator such that audio signals of the first utterance are received by a microphone of
the refrigerator, the refrigerator generates the first audio data representing the first utterance
using the audio signals received by the microphone, and the refrigerator sends the first

audio data to the electronic device for automated speech recognition processing.

5. A method, comprising:

receiving, from a first device, first audio data representing a first utterance;
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generating first text data representing the first audio data;

determining, using the first text data, that the first utterance requests information

about a physical item stored remotely;

stored;

6.

determining a user profile used for inventory management of physical items;

receiving second text data representing a first location where the physical item is

generating second audio data representing the second text data; and

sending the second audio data to the first device.

The method of clause 5, further comprising:
receiving sensor data from at least one sensor of the first device;
determining that the at least one sensor is located at the first location; and

storing an update for the user profile such that the user profile associates the at least

one sensor with the physical item.

and

The method of clause 5, further comprising:

generating, prior to receiving the second text data, a request for the first location;

sending the request to an inventory management system.

The method of clause 5, further comprising:
receiving, from the first device, a first measurement determined by a first sensor;
determining that the first sensor is associated with the first location;

determining that the first measurement indicates a first weight of an object located

at the first location; and

determining that the physical item has the first weight.
The method of clause 8, further comprising:

receiving, from the first device, third audio data representing a second utterance;

generating third text data representing the third audio data;
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determining, using the third text data, that the second utterance indicates additional
physical item information associated with the physical item ; and

sending, to an inventory management system, a request to update the user profile
to indicate that the additional item information is associated with the first location, such
that the user profile includes the additional item information and the first weight as being

associated with the physical item.

10. The method of clause 5, further comprising:
receiving, from the first device, third audio data representing a second utterance;
generating third text data representing the third audio data;
determining, using the third text data, that the second utterance indicates that a
second location where the physical item is stored,;
sending, to an inventory management system, a request to update the user profile

such that the physical item is associated with the second location.

11. The method of clause 5, further comprising:

receiving third text data representing a request for additional information associated
with the physical item;

generating third audio data representing the third text data;

sending the third audio data to the first device; and

sending an instruction to the first device that causes the first device to send fourth

audio data representing audio captured after the request is output.

12. The method of clause 11, further comprising:

receiving, from the first device, the fourth audio data representing a second
utterance;

generating fourth text data representing the fourth audio data;

determining, using the fourth text data, that the second utterances indicates, at least,

the additional information; and
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sending, to an inventory management system, a request to update the user profile

to include the additional piece of information as being associated with the physical item.

13. An electronic device, comprising:
communication circuitry;
memory; and
at least one processor operable to:
determine that first audio data representing a first utterance was received
from a first device;
generate first text data representing the first audio data;
determine, using the first text data, that the first utterance requests
information about a physical item stored remotely;
determine a user profile used for inventory management of physical items;

receive second text data representing a first location where the physical item

is stored;
generate second audio data representing the second text data; and
send the second audio data to the first device.
14. The electronic device of clause 13, wherein the at least one processor is further

operable to:
determine that sensor data from at least one sensor of the first device was received;
determine that the at least one sensor is located at the first location; and
store an update for the user profile such that the user profile associates the at least

one sensor with the physical item.

15. The electronic device of clause 13, wherein the at least one processor is further
operable to:
generate, prior to receiving the second text data, a request for the first location; and

send the request to an inventory management system.
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16. The electronic device of clause 13, wherein the at least one processor is further
operable to:

receive, from the first device, a first measurement determined by a first sensor;

determine that the first sensor is associated with the first location;

determine that the first measurement indicates a first weight of an object located at
the first location; and

determine that the physical item has the first weight.

17. The electronic device of clause 16, wherein the at least one processor is further
operable to:

determine that third audio data representing a second utterance was received from
the first device;

generate third text data representing the third audio data;

determine, using the third text data, that the second utterance indicates additional
physical item information associated with the physical item; and

send, to an inventory management system, a request to update the user profile to
indicate that the additional item information is associated with the first location, such that
the user profile includes the additional item information and the first weight as being

associated with the physical item.

18. The electronic device of clause 13, wherein the at least one processor is further
operable to:

determine that third audio data representing a second utterance was received from
the first device;

generate third text data representing the third audio data;

determine, using the third text data, that the second utterance indicates that a second
location where the physical item is stored; and

send, to an inventory management system, a request to update the user profile such

that the physical item is associated with the second location.
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19. The electronic device of clause 13, wherein the at least one processor is further

operable to:

receive third text data representing a request for additional information associated

with the physical item;
generate third audio data representing the third text data;

send the third audio data to the first device; and

send an instruction to the first device that causes the first device to send fourth audio

data representing audio captured after the request is output.

20. The electronic device of clause 19, wherein the at least one processor is further

operable to:

determine that the fourth audio data representing a second utterance was received

from the first device;

generate fourth text data representing the fourth audio data;

determine, using the fourth text data, that the second utterances indicates, at least,

the additional information; and

send, to an inventory management system, a request to update the user profile to include

the additional piece of information as being associated with the physical item.

21. A method, comprising:

receiving, at an electronic device, first weight sensor data representing a
first weight determined by a first weight sensor of a shelf within a refrigerator, the first weight
sensor data being sent by the refrigerator;

receiving a first timestamp indicating a first time that the first weight
sensor data was determined by the first weight sensor;

receiving a device identifier associated with the refrigerator;

determining that the device identifier is associated with a refrigerator
profile on the electronic device;

determining that the first weight equals zero indicating that no object is

detected by the first weight sensor;
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receiving the item information associated with the first weight sensor as
indicated by the refrigerator profile, the item information indicating that:
the first weight sensor is associated with a first location within the
refrigerator;
a name of a physical item associated with the first location; and
a second weight of the physical item determined at a previous time
prior to the first time, the second weight corresponding to a most recent weight of the physical
item;
determining a magnitude of a first weight difference by subtracting the
second weight from the first weight;
determining that the magnitude equals the second weight, indicating that
the physical item was moved from the first location;
receiving, from the refrigerator, second weight sensor data representing a
third weight determined by the first weight sensor;
determining that the third weight is greater than zero indicating that a mass
was detected by the first weight sensor;
receiving a second timestamp indicating a second time that the second
weight sensor data was determined by the first weight sensor;
determining a first amount of time that elapsed between the first time and
the second time;
determining that the first amount of time is greater than a predefined
temporal threshold value;
determining that, based on the first amount of time being greater than the
predefined temporal threshold value and that the third weight is non-zero, that the physical item
was removed from the refrigerator and then placed within the refrigerator at the first location;
determining second weight difference data by subtracting the third weight
from the second weight; and
storing second data representing the second weight difference and third

data representing the third weight to the refrigerator profile such that a current weight of the
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physical item is updated as being the second weight, and an item usage amount is updated as

being the second weight difference.

22. The method of clause 21, further comprising:

generating first text data representing a response that requests
confirmation that the physical item was placed back in the refrigerator at the first location;

sending the first text data to a remote device, the remote device generating
and sending first audio data representing the first text data to the refrigerator; and

receiving, from the remote device, confirmation information indicating
that the physical item was placed back in the refrigerator at the first location, the confirmation
information being determined by the remote device based on second audio data representing an

utterance received by a microphone of the refrigerator.
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23. The method of clause 21, further comprising:

determining an initial weight of the physical item as stored by the
refrigerator profile;

determining a third weight difference between the third weight and the
initial weight;

determining that the third weight difference is greater than a predefined
replenishment threshold value indicating that the physical item needs to be replaced,

generating a request for a response that asks whether a replacement for the
physical item should be ordered;

generating first text data representing the response;

sending the first text data to a remote device, the remote device being
capable of generating and sending first audio data representing the first text data to the
refrigerator, and the remote device also being capable of determining that second audio data
representing an utterance received by a microphone of the refrigerator indicates that the
replacement is to be ordered,

determining a mailing address associated with the refrigerator profile; and

sending an order request to an item fulfillment system for the replacement

such that the replacement is able to be sent to the mailing address.
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24, The method of clause 21, further comprising:

receiving, at the electronic device, third weight sensor data representing a
fourth weight determined by the first weight sensor;

receiving a third timestamp indicating a third time that the third weight
sensor data was determined by the first weight sensor;

determining that the fourth weight corresponds to a non-zero weight
indicating that another object is detected by the first weight sensor;

determining a second amount of time that elapsed between the second
time and the third time;

determining that the second amount of time is greater than the predefined
temporal threshold value;

sending a second request for the second weight to the inventory
management system;

receiving the second weight from the inventory management system,;

determining that an additional magnitude of a third weight difference by
subtracting the third weight from the second weight;

determining that the additional magnitude is greater than the predefined
weight threshold value;

determining that a different physical item was placed at the first location
based on the second temporal difference being greater than the predefined temporal threshold
value, the third weight difference being greater than the predefined weight threshold value, and
the fourth weight being non-zero;

generating first text data representing an audio message asking whether
the physical item was placed at the first location;

sending the first text data to a remote device, the remote device being
capable of generating and sending first audio data representing the first text data to the
refrigerator such that the first audio data is played by a speaker of the refrigerator, the remote
device further being capable of determining that second audio data representing an utterance
received by a microphone of the refrigerator indicates that the physical item was not placed at the

first location; and
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storing, for the refrigerator profile updated item information for the first
location that indicates that the physical item is no longer associated with the first location, the
different physical item is now associated with the first location, and that the different physical

item has an initial weight equal to the fourth weight.

25. A method, comprising:

receiving first sensor data representing a first weight determined by a first
sensor of a first device;

determining a user profile used for inventory management;

storing the first sensor data;

receiving first information indicating that the first sensor corresponds to a
first location of the first device, and that a physical item is associated with the first location;

receiving second sensor data representing a second weight determined by
the first sensor;

determining that the physical item is located at the first location, based at
least in part on a first weight difference being less than a first weight threshold, the first weight
difference representing the second weight subtracted from the first weight; and

storing the second sensor data indicating that the physical item has the

second weight.

26.  The method of clause 25, further comprising:
receiving first text data representing an utterance, the utterance indicating
that the physical item is located at the first location; and
storing, for the user profile, the first text data indicating that the physical

item is located at the first location.

27. The method of clause 25, further comprising:
receiving first text data representing a message to confirm a name of an
object associated with the first location;

generating first audio data representing the first text data;
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sending the first audio data to the first device;

receiving second audio data from the first device;

generating second text data representing the second audio data; and

determining, based on a similarity value between the first text data and the
second text data being greater than a similarity threshold value, that the physical item is located

at the first location.

28. The method of clause 25, further comprising:

receiving, prior to determining that the first device is associated with the
user profile, first temporal information indicating a first time that the first sensor data was
determined;

receiving, prior to determining that the physical item is located at the first
location, second temporal information indicating a second time that the second sensor data was
determined; and

determining, based at least in part on a temporal difference of the first time
and the second time being greater than a temporal threshold value, that the physical item was

moved from the first location at the first time and returned to the first location at the second time.

29. The method of clause 25, further comprising:
determining, based on the second weight being less than a replacement
weight threshold, that the physical item is to be replaced,
generating first text data representing an audio message asking whether a
replacement of the physical item is to be ordered; and

sending the first text data to the first device.
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30. The method of clause 29, further comprising:
receiving second text data representing an utterance;
determining, using the second text data, that the replacement is to be
ordered;
determining a shipping address of the first device associated with the user
profile; and
sending, to a fulfillment system, at least the shipping address and a request

for the replacement to be ordered.

31.  The method of clause 25, further comprising:
receiving, prior to receiving the second sensor data, first text data
representing a name of the physical item; and
storing the name such that the name, the second weight, and the first

location are associated with the physical item.

32. The method of clause 25, further comprising:

receiving third sensor data representing a third weight determined by the
first sensor;

determining, based at least in part on a second weight difference between
the second weight and the third weight being greater than the first weight threshold, that a
different physical item is located at the first location, the second weight difference representing
the third weight subtracted from the first weight; and

storing the third sensor data indicating that the different physical item is

now located at the first location.

33. The method of clause 32, further comprising:
receiving first text data representing a message to confirm a name of an
object associated with the first location;
generating first audio data representing the first text data;

sending the first audio data to the first device;
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receiving, from the first device, second audio data representing an
utterance;

generating second text data representing the second audio data;

determining, using the second text data, a different name of the different
physical item; and

storing supplemental information indicating that the first location is now
associated with the different physical item having the different name, as well as having an initial

weight corresponding to the third weight.

34. An electronic device, comprising:
communication circuitry;
memory; and
at least one processor operable to:
receive first sensor data representing a first weight determined by a
first sensor of a first device;
determine a user profile used for inventory management;
store the first sensor data;
receive first information indicating that the first sensor corresponds
to a first location of the first device, and that a physical item is associated with the first location;
receive second sensor data representing a second weight
determined by the first sensor;
determine that the physical item is located at the first location,
based at least in part on a first weight difference being less than a first weight threshold, the first
weight difference representing the second weight subtracted from the first weight; and
store the second sensor data indicating that the physical item has

the second weight.

63



WO 2017/223298 PCT/US2017/038719

35. The electronic device of clause 34, wherein the at least one processor is
further operable to:
receive first text data representing an utterance, the utterance indicating
that the physical item is located at the first location; and
store, for the user profile, the first text data indicating that the physical

item is located at the first location.

36. The electronic device of clause 34, wherein the at least one processor is

further operable to:

receive, prior to determining that the first device is associated with the
user profile, first temporal information indicating a first time that the first sensor data was
determined;

receive, prior to determining that the physical item is located at the first
location, second temporal information indicating a second time that the second sensor data was
determined; and

determine, based at least in part on a temporal difference of the first time
and the second time being greater than a temporal threshold value, that the physical item was

moved from the first location at the first time and returned to the first location at the second time.

37. The electronic device of clause 34, wherein the at least one processor is
further operable to:
determine, based on the second weight being less than a replacement
weight threshold, that the physical item is to be replaced,
generate first text data representing an audio message asking whether a
replacement of the physical item is to be ordered; and

send the first text data to the first device.
38. The electronic device of clause 37, wherein the at least one processor is

further operable to:

receive second text data representing an utterance;
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determine, using the second text data, that the replacement is to be
ordered;

determine a shipping address of the first device associated with the user
profile; and

send, to a fulfillment system, at least the shipping address and a request

for the replacement to be ordered.

39. The electronic device of clause 34, wherein the at least one processor is
further operable to:
receive, prior to receiving the second sensor data, first text data
representing a name of the physical item; and
store the name such that the name, the second weight, and the first

location are associated with the physical item.

40. The electronic device of clause 34, wherein the at least one processor is

further operable to:

receive third sensor data representing a third weight determined by the
first sensor;

determine, based at least in part on a second weight difference between the
second weight and the third weight being greater than the first weight threshold, that a different
physical item is located at the first location, the second weight difference representing the third
weight subtracted from the first weight; and

store the third sensor data indicating that the different physical item is now

located at the first location.
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[0123] The above-described embodiments of the invention are presented for purposes of
illustration and are not intended to be limiting. Although the subject matter has been described in
language specific to structural feature, it is also understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features described. Rather, the specific

features are disclosed as illustrative forms of implementing the claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method, comprising:

receiving, from a first device, first audio data representing a first
utterance;

generating first text data representing the first audio data;

determining, using the first text data, that the first utterance requests
information about a physical item stored remotely;

determining a user profile used for inventory management of physical
items;

receiving second text data representing a first location where the physical
item 1s stored;

generating second audio data representing the second text data; and

sending the second audio data to the first device.

2. The method of claim 1, further comprising:
receiving sensor data from at least one sensor of the first device;
determining that the at least one sensor is located at the first location; and
storing an update for the user profile such that the user profile associates

the at least one sensor with the physical item.
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3. The method of claim 1 or 2, further comprising:
generating, prior to receiving the second text data, a request for the first
location; and

sending the request to an inventory management system.

4. The method of claim 1 or 2, further comprising:
receiving, from the first device, a first measurement determined by a first
sensor;
determining that the first sensor is associated with the first location;
determining that the first measurement indicates a first weight of an object
located at the first location; and

determining that the physical item has the first weight.

5. The method of claim 1, 2, 3 or 4, further comprising:

receiving, from the first device, third audio data representing a second
utterance;

generating third text data representing the third audio data;

determining, using the third text data, that the second utterance indicates
additional physical item information associated with the physical item; and

sending, to an inventory management system, a request to update the user
profile to indicate that the additional item information is associated with the first location, such
that the user profile includes the additional item information and the first weight as being

associated with the physical item.
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6. The method of claim 1, 2, 3 or 4, further comprising:
receiving, from the first device, third audio data representing a second
utterance;
generating third text data representing the third audio data;
determining, using the third text data, that the second utterance indicates
that a second location where the physical item is stored; and
sending, to an inventory management system, a request to update the user

profile such that the physical item is associated with the second location.

7. The method of claim 1, 2, 3 or 4, further comprising:

receiving third text data representing a request for additional information
associated with the physical item;

generating third audio data representing the third text data;

sending the third audio data to the first device;

sending an instruction to the first device that causes the first device to send
fourth audio data representing audio captured after the request is output;

receiving, from the first device, the fourth audio data representing a
second utterance;

generating fourth text data representing the fourth audio data;

determining, using the fourth text data, that the second utterances
indicates, at least, the additional information; and

sending, to an inventory management system, a request to update the user

profile to include the additional piece of information as being associated with the physical item.
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8. A method for tracking inventory in a refrigerator, the method comprising:

receiving, at an electronic device, first audio data representing a first
utterance asking where a first physical item is located within the refrigerator in response to a
door of the refrigerator being opened;

receiving, from the refrigerator, a device identifier associated with the
refrigerator;

generating first text data representing the first audio data by performing
automated speech recognition processing on the first audio data;

determining, using natural language understanding processing, that the
first text data corresponds to a request for a location of a name of the first physical item;

determining that the name corresponds to the first physical item;

determining a user account that is associated with the device identifier;

determining a refrigerator profile on an inventory management system that
is associated with user account, the refrigerator profile including location information, physical
item information, and weight information associated with physical items stored within the
refrigerator;

sending, to the inventory management system, a first request for a first
location of an object having the name within the refrigerator, wherein sending the request
comprises sending the device identifier and the first text data to the inventory management
system such that the refrigerator profile is accessed,;

receiving, from the inventory management system, second text data
representing a response message indicating the first location of the first physical item within the

refrigerator;
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generating second audio data by performing text-to-speech processing on
the second text data; and
sending the second audio data to the refrigerator such that the response

message is played by a speaker of the refrigerator.

9. A method, comprising:

receiving first sensor data representing a first weight determined by a first
sensor of a first device;

determining a user profile used for inventory management;

storing the first sensor data;

receiving first information indicating that the first sensor corresponds to a
first location of the first device, and that a physical item is associated with the first location;

receiving second sensor data representing a second weight determined by
the first sensor;

determining that the physical item is located at the first location, based at
least in part on a first weight difference being less than a first weight threshold, the first weight
difference representing the second weight subtracted from the first weight; and

storing the second sensor data indicating that the physical item has the

second weight.

71



WO 2017/223298 PCT/US2017/038719

10. The method of claim 9, further comprising:
receiving first text data representing an utterance, the utterance indicating
that the physical item is located at the first location; and
storing, for the user profile, the first text data indicating that the physical

item is located at the first location.

1. The method of claim 9 or 10, further comprising:

receiving first text data representing a message to confirm a name of an
object associated with the first location;

generating first audio data representing the first text data;

sending the first audio data to the first device;

receiving second audio data from the first device;

generating second text data representing the second audio data; and

determining, based on a similarity value between the first text data and the
second text data being greater than a similarity threshold value, that the physical item is located

at the first location.
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12. The method of claim 9, 10 or 11, further comprising:

receiving, prior to determining that the first device is associated with the
user profile, first temporal information indicating a first time that the first sensor data was
determined;

receiving, prior to determining that the physical item is located at the first
location, second temporal information indicating a second time that the second sensor data was
determined; and

determining, based at least in part on a temporal difference of the first time
and the second time being greater than a temporal threshold value, that the physical item was

moved from the first location at the first time and returned to the first location at the second time.

13. The method of claim 9, 10, 11 or 12, further comprising:

determining, based on the second weight being less than a replacement
weight threshold, that the physical item is to be replaced,

generating first text data representing an audio message asking whether a
replacement of the physical item is to be ordered,

sending the first text data to the first device;

receiving second text data representing an utterance;

determining, using the second text data, that the replacement is to be
ordered;

determining a shipping address of the first device associated with the user

profile; and
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sending, to a fulfillment system, at least the shipping address and a request

for the replacement to be ordered.

14. The method of any claim 9, further comprising:

receiving third sensor data representing a third weight determined by the
first sensor;

determining, based at least in part on a second weight difference between
the second weight and the third weight being greater than the first weight threshold, that a
different physical item is located at the first location, the second weight difference representing
the third weight subtracted from the first weight;

storing the third sensor data indicating that the different physical item is
now located at the first location;

receiving first text data representing a message to confirm a name of an
object associated with the first location;

generating first audio data representing the first text data;

sending the first audio data to the first device;

receiving, from the first device, second audio data representing an
utterance;

generating second text data representing the second audio data;

determining, using the second text data, a different name of the different
physical item; and

storing supplemental information indicating that the first location is now
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associated with the different physical item having the different name, as well as having an initial

weight corresponding to the third weight.

15. A method, comprising:
receiving, at an electronic device, first weight sensor data representing a
first weight determined by a first weight sensor of a shelf within a refrigerator, the first weight
sensor data being sent by the refrigerator;
receiving a first timestamp indicating a first time that the first weight
sensor data was determined by the first weight sensor;
receiving a device identifier associated with the refrigerator;
determining that the device identifier is associated with a refrigerator
profile on the electronic device;
determining that the first weight equals zero indicating that no object is
detected by the first weight sensor;
receiving the item information associated with the first weight sensor as
indicated by the refrigerator profile, the item information indicating that:
the first weight sensor is associated with a first location within the
refrigerator;
a name of a physical item associated with the first location; and
a second weight of the physical item determined at a previous time
prior to the first time, the second weight corresponding to a most recent weight of the physical
item;

determining a magnitude of a first weight difference by subtracting the
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second weight from the first weight;

determining that the magnitude equals the second weight, indicating that
the physical item was moved from the first location;

receiving, from the refrigerator, second weight sensor data representing a
third weight determined by the first weight sensor;

determining that the third weight is greater than zero indicating that a mass
was detected by the first weight sensor;

receiving a second timestamp indicating a second time that the second
weight sensor data was determined by the first weight sensor;

determining a first amount of time that elapsed between the first time and
the second time;

determining that the first amount of time is greater than a predefined
temporal threshold value;

determining that, based on the first amount of time being greater than the
predefined temporal threshold value and that the third weight is non-zero, that the physical item
was removed from the refrigerator and then placed within the refrigerator at the first location;

determining second weight difference data by subtracting the third weight
from the second weight; and

storing second data representing the second weight difference and third
data representing the third weight to the refrigerator profile such that a current weight of the
physical item is updated as being the second weight, and an item usage amount is updated as

being the second weight difference.
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