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(57) Abstract: Examples provide a set of smart shelves including sensors for generating sensor data associated with one or more items
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a list of items in the cart to include the removed item.
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SYSTEM FOR DYNAMIC SMART CART
CONTENT NOTIFICATIONS

BACKGROUND

[0001] Retail store checkout lines frequently require a customer that has
selected all the items they wish to purchase to stand in line and wait for a clerk or
other personnel to manually scan each item in the customer’s basket for checkout.
self-checkout (SCO) systems enable the customer to manually scan items in a self-
check process without waiting for the assistance of a clerk. However, there may be
items which these SCO systems are unable to scan or process without assistance or
approval by a clerk or a manager. Moreover, the customer may also have to wait in a
line until an SCO becomes available. This is frequently a time-consuming, inefficient

and frustrating process for customers.
SUMMARY

[0002] Some examples provide a system for dynamic identification of cart
contents via item notifications. A smart shelf device includes one or more items and a
communications interface device. The communication interface device sends an item
notification including item data associated with a set of items removed from a portion
of the smart shelf device for a threshold removal time. A set of smart cart devices
located within a notification zone of the smart shelf device includes a first smart cart
device and a second smart cart device. The first smart cart device includes a control
device. The control device includes a processor communicatively coupled to a
memory. A set of one or more cart sensor devices generates sensor data associated
with a set of selected items added to a storage area of the first smart cart device. A
cart management component analyzes sensor data associated with a selected item
added to the storage area within a threshold time-period of receiving the item
notification. The cart management component determines whether the selected item
conforms to an item removed from the smart shelf device. If the selected item
conforms to a removed item, a verification component transmits a first cart

confirmation message to the smart shelf device and the second smart cart confirming
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placement of the removed item into the first cart. A basket update component adds
the removed item to a list of contents of the first smart cart. A cache manager
component the at least one processor, deletes the item notification from a cart cache if
all items in the set of removed items are added to the list of contents of the first smart

cart.

[0003] Other examples provide a computer-implemented method for
dynamically identifying items placed into a smart cart device. A communications
interface device associated with a first smart cart device receives an item notification
including item data associated with an item removed from a portion of a smart shelf
device for a threshold removal time. A verification component analyzes sensor data
generated by at least one sensor device associated with a set of selected items added
to a storage area of the first smart cart device. The verification component determines
if a selected item in the set of selected items conforms to the removed item. If item
data for the selected item conforms to item data for the removed item, a verification
component transmits a first cart confirmation message confirming addition of the
removed item to the first smart cart device. If a threshold wait time expires prior to
detecting addition of an item to the storage area conforming to the item data
associated with the removed item a cache manager component removes the item

notification from a cart cache.

[0004] Still other examples provide a smart cart device including a basket, a
set of wheels, and a set of sensor devices generating sensor data associated with a set
of selected items placed into the basket. A control device includes a processor
communicatively coupled to a memory. A receiver device receives item notifications
from a set of smart devices within a notification zone, an item notification comprising
item data describing an item removed from a smart shelf device in the set of smart
shelf devices. A transmitter device sends a cart confirmation to the set of smart shelf
devices in response to detection of an item added to the basket conforming to the item
data describing the item removed from the smart shelf device. A basket update
component adds the item to a list of contents of the first smart cart on condition a cart

confirmation is sent. A transaction completion component completes a transaction
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associated with the list of items if transaction completion input is received from a

user.

[0005] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used as an aid in determining the scope of the

claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an exemplary block diagram illustrating a system for

dynamic monitoring of cart contents.
[0007] FIG. 2 is an exemplary block diagram illustrating a notification zone.

[0008] FIG. 3 is an exemplary block diagram illustrating a notification

system for dynamic identification of cart contents.
[0009] FIG. 4 is an exemplary block diagram illustrating a smart cart device.

[0010] FIG. 5 is an exemplary block diagram illustrating a cart management

component.

[0011] FIG. 6 is an exemplary block diagram illustrating a smart cart device

having a plurality of sensor devices.

[0012] FIG. 7 is an exemplary block diagram illustrating a cross-section of a

smart cart device having a set of weight sensors.

[0013] FIG. 8 is an exemplary block diagram illustrating a top view of a

smart cart device including a sensor device on a track.

[0014] FIG. 9 is an exemplary block diagram illustrating a top view of a
smart cart device having a sensor device on a track along a circumference of the

basket.
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[0015] FIG. 10 is an exemplary block diagram illustrating a top view of a

sensor tunnel on a smart cart device.

[0016] FIG. 11 is an exemplary block diagram illustrating a smart shelf

device.

[0017] FIG. 12 is an exemplary block diagram illustrating a smart shelf

device having a plurality of items.

[0018] FIG. 13 is an exemplary block diagram illustrating a front view of a

smart shelf device including a plurality of sections.

[0019] FIG. 14 is an exemplary block diagram illustrating a smart shelf

device including a weight sensor.

[0020] FIG. 15 is an exemplary block diagram illustrating a set of sensor

devices.

[0021] FIG. 16 is an exemplary flow chart illustrating operation of the smart

cart device to monitor contents of a smart cart device.

[0022] FIG. 17 is an exemplary flow chart illustrating operation of the smart

cart device to manage item notifications received from smart shelf devices.

[0023] Corresponding reference characters indicate corresponding parts

throughout the drawings.
DETAILED DESCRIPTION

[0024] A more detailed understanding can be obtained from the following
description, presented by way of example, in conjunction with the accompanying
drawings. The entities, connections, arrangements, and the like that are depicted in,
and in connection with the various figures, are presented by way of example and not
by way of limitation. As such, any and all statements or other indications as to what a
particular figure depicts, what a particular element or entity in a particular figure is or

has, and any and all similar statements, that may in isolation and out of context be
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read as absolute and therefore limiting, can only properly be read as being
constructively preceded by a clause such as “In at least some examples, ...” For
brevity and clarity of presentation, this implied leading clause is not repeated ad

nauseum.

[0025] Referring to the figures, examples of the disclosure enable dynamic
identification of items in a smart cart device based on messages transmitted between
smart cart devices and smart shelf devices. In some examples, a cart management
component receives notifications identifying items removed from smart shelves
and/or notifications including sensor data describing items removed from smart
shelves. An open item notification is a notification associated with one or more items
removed from a shelf that is not yet accounted for in a smart cart (no cart
confirmation messages received). A closed item notification is a notification
describing one or more items removed from one or more smart shelves that have all
been accounted for/claimed by one or more smart carts (cart confirmation messages
received for all the removed items identified in the item notification). When an item
notification is closed, the item notification can be deleted from the shelf device cache
and/or the cache associated with each smart cart device that received the item

notification.

[0026] The cart management component compares sensor data for items
placed into the smart cart with the data describing items removed from the smart
shelves to identify each item placed into basket or storage area of the cart. This
enables efficient and automatic inventory of shopping cart contents without manually

scanning each item in the cart at a point-of-sale (POS) device.

100271 Aspects of the disclosure further enable the smart cart device to act as
a POS device. In these examples, the smart cart device enables the user to complete a
transaction to purchase items in the smart cart device. The provides more efficient
self-checkout for increased customer checkout speed and improved customer

satisfaction.
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[0028] Referring again to FIG. 1, an exemplary block diagram illustrates a
system 100 for dynamic monitoring of cart contents. In the example of FIG. 1, a set
of one or more smart shelf devices 102. A smart shelf device in the set of smart shelf
devices 102 is a display for storing or displaying a plurality of items 104. A smart
shelf device can be implemented as a shelf, display, display freezer, refrigerated

display, end-cap display, gondola shelf, warming rack, or any other type of display.

[0029] In at least some examples, when an item from the plurality of items
104 is removed from a smart shelf device, the smart shelf device sends a notification
to a set of one or more smart cart devices 106 within a predetermined radius of the set
of smart shelf devices 102. A smart cart device in the set of smart cart devices 106 is
a buggy cart or basket for holding one or more items selected by a user 124 within a

retail environment.

[0030] The retail environment can include a store or a section/area within a
store. For example, but without limitation, a retail environment can include a grocery
store, a pet supply store, an automotive parts store, an office supply store, etc. A
retail environment can also include, without limitation, a grocery department, a home
supply department, a meat department, a dairy department, an automotive parts

department, etc.

[0031] If the item removed from a smart shelf display device matches an
item placed into a smart cart device, the smart cart device updates an inventor of cart
contents 108. The cart contents 108 is a list of items inside a storage area of the smart
cart device. The smart cart device optionally sends a confirmation message
acknowledging that the item removed from the set of smart shelf devices 102 was

placed into one or the carts in the set of smart cart devices 106.

[0032] The notifications and confirmation messages are transmitted between
the set of smart shelf devices 102 and the set of smart cart devices 106 via a network
110. The network 110 is implemented by one or more physical network components,
such as, but without limitation, routers, switches, network interface cards (NICs), and

other network devices. The network 110 can be any type of network for enabling
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communications with remote computing devices, such as, but not limited to, a local
area network (LAN), a subnet, a wide area network (WAN), a wireless (Wi-Fi)
network, or any other type of network. In this example, the network 110 is a WAN,
such as the Internet. However, in other examples, the network 110 is a local or

private LAN.

[0033] The user 124 can optionally access the cart contents 108, including
the list of items currently in the smart cart, by linking a cart manager application 112
running on a user device 114 with the smart cart device via the network 110. The user
can link the cart manager application 112 to a selected cart by scanning a barcode on
the smart cart, entering a cart identifier (ID) into the application, scanning a barcode
displayed on the user device 114 using a barcode scanner on the cart, entering a
confirmation code into a user interface on the user device 114 or the smart cart device,

or any other process for linking the user device with a selected smart cart.

[0034] The user device 114 represent any device executing computer-
executable instructions. The user device 114 can be implemented as a mobile
computing device, such as, but not limited to, a wearable computing device, a mobile
telephone, laptop, tablet, computing pad, netbook, gaming device, and/or any other
portable device. The user device 114 includes at least one processor and a memory.

The user device 114 can also include a user interface device.

[0035] The system 100 can optionally include a data storage device 116 for
storing data, such as, but not limited to item data 118. The item data 118 is data
associated with items in the plurality of items 104. The item data 118 includes,
without limitation, weight of an item, size of an item, name of an item, variety of an
item, barcode number, item identification number, package dimensions of an item,
color of a label, image(s) of an item, letters on an item package or label, images on
item packaging or labels, item price, item discounts, assigned display location of the

item, etc.

[0036] The data storage device 116 can include one or more different types

of data storage devices, such as, for example, one or more rotating disks drives, one or
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more solid state drives (SSDs), and/or any other type of data storage device. The data
storage device 116 in some non-limiting examples includes a redundant array of
independent disks (RAID) array. In other examples, the data storage device 116

includes a database.

[0037] The data storage device 116 in at least one example is included
within a computing device or associated with a computing device, such as the server
120. In other examples, the data storage device 116 is a remote data storage accessed
by the computing device via the network 110, such as a remote data storage device, a

data storage in a remote data center, or a cloud storage.

[0038] The server 120 represents any device executing computer-executable
instructions (e.g., as application programs, operating system functionality, or both) to
implement the operations and functionality associated with the server 120. The server
can be implemented as a desktop personal computer, kiosk, tabletop device, cloud
server, blade server, web server, or any other type of computing device. The server in
other examples is implemented as a group of processing units or other computing

devices.

[0039] In some non-limiting examples, the server 120 is optionally accessed
by the set of smart shelf devices 102 and the set of smart cart devices 106 via the
network 110. The server 120 can also optionally transmit updates 122 to the data
storage device 116. For example, the server 120 can transmit updates 122 to item
data 118 to the data storage device 116. The server 120 in another example sends
updates to item prices, item discounts, item specials, clearance pricing or other
display-related data to the set of smart shelf devices 102 and/or the set of smart cart
devices 106. The smart shelf devices utilize the information to update digital pricing
displays on the smart shelf devices. The smart cart devices utilize the updates 122 to
calculate transaction totals when acting as a mobile POS device completing purchase

transactions for items in the smart cart being purchased by the user 124.

[0040] In this manner, the system 100 provides checkout via the smart cart

device where no manual scanning is necessary and without standing in line to
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checkout. As a customer picks up an item and places it in the smart cart, the smart
cart is able to identify the item and add it to a cart inventory (list of items). The cart
acts as a virtual POS device or can communicate with a physical POS device (user

device) to complete transaction (purchase) of items in the cart.

[0041] In some non-limiting examples, identification of items is a
collaboration between smart carts and smart shelves. When an item is picked up off a
smart shelf, the shelf sends out a notification to smart carts in the notification zone
(radius) that the identified item has been removed. If any of the carts within the
radius detects a weight increase in the cart that corresponds (recognizes weight added
to cart), the cart communicates back to shelf and any other carts within range to

acknowledge that the removed item is received by the smart cart.

[0042] The smart carts in other examples retain the notification from a shelf
in a cart cache for a time period. In one example, the time-period is ten seconds.
When the ten seconds expires, the notification is removed/deleted from the cache.
However, the examples are not limited to a ten second time-period. The time-period

can be any configurable threshold time-period for retaining notifications in cache.

[0043] In another example, a shelf sends out a notification identifying
multiple items removed/selected from the shelf (based on weight per item knowledge,
and weight removed). If multiple carts confirm receipt of items that include every
item identified in the notification (confirmation receipt totals the notification weight),

the shelf and carts clear the notification from their memory/cache.

[0044] If the smart shelf sending out the notification does not receive any
cart confirmations because a customer picked up the item but did not place the item
into a smart cart device (customer is not using smart cart/basket), the shelf clears the
notification after a threshold wait time. In one example, the wait time is ten seconds.
In another example, the wait time is fifteen seconds. In still other examples, the wait
time is any configurable time-period. The system treats the removed item as an item

selected by a user for purchase outside of the smart cart system.
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[0045] Likewise, if a smart cart in the set of smart cart devices detects a
weight increase but there is no corresponding notification identifying an item having a
weight corresponding to the weight increase, the smart cart queries the customer to
input item information or scan item at the smart cart to add the item to the smart cart
inventory (list of items) on the cart. If item identification is not received from the
user, the system prompts the user to finish/complete the purchase transaction via a
physical POS/traditional checkout or requests a manager or other personnel verify cart

contents.

[0046] If multiple items are selected that have the same weight (multiple
notifications from shelves indicating an item weight that is substantially similar), then
the smart cart that detects an item added to the cart presents a list of options from
those multiple notifications/multiple removed items. The user selects the correct one

or more items added to the cart from the list of options to confirm the item selection.

[0047] If an item removed from a shelf is an item having multiple different
varieties for the same product, the smart shelf may be unable to determine which
variety was removed from the shelf. For example, a shelf containing varieties of
yogurt can include many different flavors for the same brand, same weight and same
type of item packaging making it difficult for the smart shelf to distinguish between
different varieties when yogurt is removed. In this example, the smart cart prompts

the user to validate/select/confirm the variety (flavor) selected.

[0048] If a smart shelf detects an increase in weight due to an item being
placed on the shelf where it does not belong (incorrect/misplaced item), the smart
shelf device sends an alert to a user device associated with a manager or other
personnel. If a customer or store personnel picks up the misplaced item, the shelf
does not send out a notification for the removal of the misplaced item. An item
notification is only sent out by a smart shelf for items that are assigned for display on

that smart shelf device.

[0049] In other examples, analytics performed to identify cart contents based

on sensor data generated on one or more smart carts and item notifications received
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from one or more smart shelves. The cart content analytics in some examples are
performed entirely on a single smart cart device. In other examples, a portion of the
analytics are performed on a first smart cart device while another portion of the cart
content analytics are performed on one or more other smart cart devices within the

retail environment.

[0050] The analytics performed to identify items removed from a smart shelf
device are performed entirely by a smart shelf device in some examples. These
analytics include analyzing sensor data generated by sensor devices attached to the
smart shelf device or in communication with the smart shelf device, such as a camera.
In another example, a portion of the removed item identification analytics are
performed by the smart shelf device while other portions of the removed item
identification analytics are performed by one or more smart cart devices within the
notification zone. This enables processing tasks to be subdivided among multiple
processors on multiple different devices for increased efficiency and improved

utilization of resources.

[0051] FIG. 2 is an exemplary block diagram illustrating a notification zone
200. The notification zone 200 is defined by a radius 202 from a selected smart shelf
device 204. The smart shelf device 204 can be implemented as a single shelf, two or
more shelves, a display case, a display bin, a refrigerated display, a freezer display, a
rolling cart display, or any other type of product display device in a store. A shelf can
be a wall-mounted shelf, a gondola shelf, an end-cap shelf, a tiered shelf, or any other
type of shelf. In some example, the smart shelf device 204 is implemented as a shelf

in the set of smart shelf devices 102 in FIG. 1.

[0052] The smart shelf device 204 transmits notifications, queries, and/or
other messages to smart carts within the notification zone 200. The radius is any user-
configurable radius or distance from the smart shelf device 204. In some example, the
radius 202 is five feet. In other examples, the radius is twenty feet. In still other
examples, the radius 202 is a distance calculated to generate a notification zone

encompassing a shelf, display or aisle. In other examples, the notification zone is
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generated to encompass a portion of one or more shelves, a portion of one or more

displays and/or a portion of one or more aisles.

[0053] In this non-limiting examples, when an item is removed from the
smart shelf device 204 for a predetermined time-period, the smart shelf device 204
sends a notification including item data associated with the removed item to smart
carts within the notification zone 200. The item data can include an identification of
the item. For example, if the item is a jar of kosher spear pickles, the item notification
sent to the smart carts includes an identification of the jar of kosher spear pickles. In
another example, the item notification includes barcode data, such as barcode scanner
data, radio frequency identification (RFID) tag data, quick response (QR) code data,
matrix barcode data, universal product code (UPC) code data, or other item identifier

data identifying a type of the item or a specific instance of the item.

[0054] In other examples, if the removed item is unidentified, the item data
includes data associated with the item which is known by the smart shelf device. For
example, the item data can include a weight of the item, a footprint of the item, a time
of item removal, an image of the item, a list of items displayed on the shelf at or near

the location of the removed item, etc.

[0055] In this non-limiting example, the smart shelf device 204 sends an
item notification is sent to the smart cart 206, the smart cart 208 and the smart cart
210 within the notification zone of the smart shelf device 204. The item notification
sent by the smart shelf device is not sent to/received by the smart cart 212 located

outside the notification zone 200.

[0056] The smart carts 206, 208 and 210 within the notification zones are
carts, buggies or baskets having a communications device for receiving notifications
and/or sending confirmation/acknowledgement messages back to the smart shelf
device. The smart carts 206, 208 and 210 can be implemented as carts, such as, but
not limited to, the set of smart cart devices 106 in FIG. 1.

[0057] FIG. 3 is an exemplary block diagram illustrating a notification

system 300 for dynamic identification of cart contents. A smart shelf device 204
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including one or more displayed items 304 and one or more sensor devices 306, such
as, but not limited to, a shelf in the set of smart shelf devices 102 in FIG. 1 and/or the
smart shelf device 204 in FIG. 2.

[0058] The sensor devices 306 include one or more sensor devices for
generating sensor data associated with the displayed items 304. The sensor devices
306 can include one or more scanner devices, one or more image capture devices, one
Or more pressure sensors, one or more weight sensors or any other devices for
generating data associated with the items. A scanner device can include a UPC code
reader, a matrix barcode reader, an RFID tag reader, a QR code reader, or any other

type of scanner device.

[0059] When an item is removed from the smart shelf device 204, the sensor
devices 306 detect the item removal. In one non-limiting example, a weight sensor in
the set of sensor devices 306 detects a decrease in weight when one or more items are
removed. In another example, a pressure sensor in the set of sensor devices 306
detects a change in pressure on the pressure sensor when one or more items are
removed from the smart shelf device 204. In another example, a motion sensor in the
sensor devices 306 detects motion when one or more items are removed from the

smart shelf device 204.

[0060] When an item is removed from the smart shelf device 204, the smart
shelf device 204 sends an item notification 308 to every smart cart in a notification
zone of the smart shelf device 204. In this example, the smart shelf device 204 sends
the notification to a smart cart 206 and a smart cart 208. The smart cart 206 and the
smart cart 208 are carts, such as, but not limited to, a cart in the set of smart cart

devices 106 in FIG. 1 and/or the smart carts 206-212 in FIG. 2.

[0061] The smart cart 206 in this example includes one or more sensor
device(s) for detecting item(s) 316 placed into a storage area 318 of the smart cart
206. The storage area 318 is an interior portion of the smart cart configured to hold
one or more items. The storage area can be implemented as a basket, a wagon, a bag,

or other container.
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[0062] The smart cart 208 in this non-limiting example includes one or more
sensor devices 322 for detecting one or more item(s) 324 added to a storage area 326

of the smart cart 208.

[0063] The sensor device(s) 314 and/or sensor device(s) 322 can include any
type of sensor for gathering sensor data associated with the item(s) 316. The sensor
device(s) 314 can include, without limitation, one or more scanner devices, one or
more image capture devices, one or more pressure sensors, one or more weight
sensors or any other devices for generating data associated with the items. A scanner
device can include a UPC code reader, a matrix barcode reader, an RFID tag reader, a

QR code reader, or any other type of scanner device.

[0064] The smart cart 206 stores the notification(s) 320 received from smart
shelf devices 204 in a cache 323 on the smart cart 206, such as, but not limited to, the
item notification 308 in FIG. 3 above. The smart cart 208 stores notification(s) 328 in
a cache 330 on the smart cart 208. The cache 323 and/or 330 can be implemented in a

memory device or other data storage device on the smart cart.

[0065] The smart cart 208, in this non-limiting example, receives the item
notification 308 from the smart shelf device 204 via a receiver 332 device on the
smart cart 208. The receiver 332 can be implemented as a beacon device, a
BLUETOOTH®”, a network device, a cellular signal, or any other device for

receiving notifications from smart shelves.

[0066] The smart cart 208 compares the item data received in the item
notification 308 with sensor data generated by the sensor device(s) 322 on the cart. If
the removed item identified in the item notification 308 matches an item in the item(s)
324 placed into the storage area 326, the smart cart 208 sends a confirmation 336
message to the smart shelf device 204 and the smart cart 206 acknowledging receipt

of the item removed from the smart shelf device 204.

[0067] The confirmation 336 message (acknowledgement) can be sent via a
transmitter device 334. The transmitter device 334 can be implemented as a beacon

device, a BLUETOOTH®”, a network device, a cellular signal, or any other device
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for sending to one or more other devices. In this example, the receiver 332 and the
transmitter 334 are separate devices. In other examples, the receiver 332 and the

transmitter 334 are implemented as a single device.

[0068] Upon receiving the confirmation 336, the smart cart 206 deletes the
item notification 308 from the cache 323. In other examples, if the smart cart 206
does not receive a confirmation 336 from any other smart cart and the smart cart 206
does not identify the removed item in the item(s) 316 placed into the storage area 318,
the smart cart 206 maintains the item notification 308 in the cache 323 until a
threshold wait-time expires. Upon expiration of the wait time, the smart cart 206

deletes the item notification 308 from the cache.

[0069] FIG. 4 is an exemplary block diagram illustrating a smart cart device
206. The smart cart device 206 in some examples includes a basket 402 storing a set
of items 404. The set of items can be a null set, a single item, as well as two or more
items. A set of wheels 406 in this example is attached to a bottom portion (underside)
of the basket 402. The set of wheels 406 is a set of one or more wheels (rollers). In
this non-limiting example, the set of wheels 406 is a set of four casters permitting the

smart cart device 206 to roll backwards, forwards or turn.

[0070] The smart cart device 206 includes a set of cart sensor devices 408
generating sensor data 410 associated with the set of selected items 404 in the basket.
The set of cart sensor devices 408 includes one or more sensor devices, such as, but
not limiting to, a camera, a barcode scanner, an RFID tag reader, a pressure sensor, a
weight sensor (scale), or any other type of sensor device. The set of cart sensor
devices 408 can be attached to an interior portion of the basket, such as a side, rim,
lip, or other member of the basket 402. One or more of the sensor devices can

alternatively be attached to a bottom portion of the basket 402.

[0071] A control device 412 on the smart cart device 206 includes a
processor 414 and a memory 416 communicatively coupled to the processor 414. The
processor 414 includes any quantity of processing units and is programmed to execute

computer-executable instructions 418. The computer-executable instructions 418 can
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be performed by the processor 414 or by multiple processors within the smart cart
device 206 or performed by a processor external to the smart cart device 206. In
some examples, the processor 414 is programmed to execute instructions such as

those illustrated in the figures (e.g., FIG. 16 and FIG. 17).

[0072] The smart cart device 206 further has one or more computer-readable
media such as the memory 416. The memory 416 includes any quantity of media
associated with or accessible by the smart cart device 206. The memory 416 can be
internal to the smart cart device 206 (as shown in FIG. 1), external to the smart cart

device 206 (not shown), or both (not shown).

[0073] The memory 416 stores data, such as one or more applications. The
applications, when executed by the processor 414, operate to perform functionality on
smart cart device 206. The applications can communicate with counterpart
applications or services such as web services accessible via a network, such as the
network 110 in FIG. 1. For example, the applications can represent downloaded

client-side applications that correspond to server-side services executing in a cloud.

[0074] The smart cart device 206 can optionally include user interface
device 420 on the cart. The user interface device 420 can include, without limitation,
a display screen, speaker, a microphone, a touch screen, or any other type of

input/output device.

[0075] The user interface device 420 includes a graphics card for displaying
data to the user and receiving data from the user. The user interface device 420 can
also include computer-executable instructions (e.g., a driver) for operating the
graphics card. Further, the user interface device 420 can include a display (e.g., a
touch screen display or natural user interface) and/or computer-executable
instructions (e.g., a driver) for operating the display. The user interface device 420
can also include one or more of the following to provide data to the user or receive
data from the user: speakers, a sound card, a camera, a microphone, a vibration motor,
one or more accelerometers, a BLUETOOTH® brand communication module, global

positioning system (GPS) hardware, and a photoreceptive light sensor.
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[0076] In some non-limiting examples, the user interface device 420 outputs
a query to the user operating the smart cart device 206, such as a query 422. The
query 422 can include a request for the user to identify an item placed into the basket
402. In another example, the query 422 includes a request the user identify an item

removed from the basket 402.

[0077] Insome examples, the smart cart device 206 optionally includes a
communications interface device 424. The communications interface device 424
includes a network interface card and/or computer-executable instructions (e.g., a
driver) for operating the network interface card. Communication between the smart
cart device 206 and other devices, such as but not limited to a smart shelf device or
other smart cart devices, can occur using any protocol or mechanism over any wired
or wireless connection. In some examples, the communications interface device 424
is operable with short range communication technologies such as by using near-field

communication (NFC) tags.

[0078] The communications interface device 424 in this example receives
item notifications from smart shelf devices and/or other smart cart devices within a
notification zone of the smart cart device 206. An item notification includes item data
describing an item removed from a smart shelf device in the set of smart shelf
devices. The communications interface device 424 sends a cart confirmation to one
or more smart shelf devices and/or any smart cart devices in range of the smart cart
device in response to the smart cart device detecting addition of an item to the basket

402 conforming to an item removed from a smart shelf.

[0079] The memory 416 in some examples stores one or more computer-
executable components. Exemplary components include a cart management
component 419. The cart management component 419 in this example analyzes the
sensor data 410 generated within a threshold time-period 421 of receiving an item
notification to determine whether the removed item described in the item notification
conforms to at least one item in the set of selected items 404 in the basket 402. If the
item identified in the item notification matches an item placed in the basket, the

communications interface device 424 transmits a cart confirmation message 423
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identifying the removed item as detected in the smart cart device. The confirmation
message 423 is sent any smart carts and smart shelves within a predetermined range

of the smart cart device 206.

[0080] The cart management component 419 adds the item to alist of
contents (inventory) stored on the memory 416 of the smart cart device 206. The cart
management component 419 deletes the item notification from a cart cache on
condition all items in the set of removed items are added to the lit of contents of the

first smart cart.

[0081] When the user operating the smart cart device 206 has completed
their shopping (finished selecting items to purchase), the user can complete a
purchase transaction to pay for the set of selected items 404 via a POS device 426 on
the smart cart device 206. The POS device 426 completes a transaction associated
with the set of selected items 404 using transaction data (payment data) received from

the user.

[0082] The POS device 426 can be implemented as a separate payment
device, such as a debit cart/credit card reader attached to the smart cart device. In
other examples, the POS device 426 is integrated into the user interface device 420.
In still another example, the POS device 426 is implemented via an application on a
user device associated with the user, such as, but not limited to, the user device 114 in

FIG. 1.

[0083] The cart management component 419 in this example, calculates a
payment total for the set of selected items 404 based on pricing data for the item(s).
A user can scan coupons or other discount materials via a scanner device on the cart.
The smart cart device 206 can optionally include a physical coupon container 428

configured to accept physical coupons utilized during completion of the transaction.

[0084] The smart cart device 206 transmits transaction data to the cart
manager application on the user device. The user completes the transaction by
providing payment on the cart manager application. For example, a user can provide

credit card information, debit card information or other payment information via the
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application on the user device. A physical printer device 430 can be included on the
smart cart device 206 to print a receipt 432 documenting completion of the

transaction.

[0085] The smart cart device 206 can also optionally include a power source
434 to power the control device, the set of sensor devices, and/or the printer. The
power source can include, without limitation, one or more batteries, regenerative

braking system, or any other type of power source.

[0086] FIG. 5 is an exemplary block diagram illustrating a cart management
component 500. The cart management component 500 is a component on a smart cart
device for dynamically identifying the contents of the smart cart, such as, but not

limited to, the cart management component 419 in FIG. 4.

[0087] The cart management component 500 includes an analysis
component 502 that analyzes sensor data 410 generated by sensor device(s) on the
smart cart as one or more items are added to the smart cart’s basket storage area. The
sensor data 410 in some examples is sensor data generated within a threshold time-

period of receiving an item notification from a smart shelf.

[0088] The analysis component utilizes the sensor data and item data
included in the item notification to determine whether one or more items removed
from any smart shelves within notification range of the smart cart match/conform to
any items added to the smart cart. In one example, the cart management component
500 obtains removed item data 508 describing an item removed from a smart shelf.
The removed item data 508 can include, without limitation, barcode data for the item,
the weight of the removed item, the footprint of the removed item, dimensions of the

removed item, color of the packaging on the removed item, etc.

[0089] The analysis component 502 generates selected item data 510
describing a selected item 512 placed into the basket of the smart cart by a user
(shopper). The selected item data 510 includes, without limitation, the weight of the
item, barcode data for the item, an identification of the item, item footprint, packaging

dimensions, color of item packaging or label, etc. The analysis component 502
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compares the selected item data 510 with the removed item data 508 to determine if

the item removed from the smart shelf was placed into the selected smart cart.

[0090] In some examples, the analysis component 502 compares weight data
generated by at least one weight sensor on the smart cart with item data, including
weight data for the item removed from the smart shelf, to determine whether the
selected item 512 added to the cart matches at least one of the items in the set of

removed items 1dentified in the item notification 308.

[0091] In other examples, the analysis component 502 compares image data
generated by at least one image capture device on the smart cart with the removed
item data 508, including image data associated with one or more items removed from
the smart shelf, to determine whether the at least one selected item added to the
storage area of the first smart cart device matches at least one of the items identified

in the item notification 308.

[0092] If one or more items placed in the basket of the smart cart match one
or more items removed from one or more smart shelves, a verification component 514
transmits a cart confirmation message 516 identifying the at least one item to the
smart shelf device that sent the item notification. The cart confirmation message 516
is also sent to/received by other smart cart devices within the notification zone of the

smart shelf.

[0093] The cart confirmation message 516 in some examples include item
data can118 associated with the removed item placed into the smart cart. The item

data can118 can include an item identifier (ID) associated with the removed item.

[0094] If a selected item 512 placed into the smart cart device fails to
conform to any item identified in an item notification received from a shelf, the
verification component 514 outputs an item ID query 522 to the user via a user
interface device on the cart or via an application on a user device. If the user fails to
identify the selected item, the verification component 514 transmits a request for

assistance to a manager or other personnel to visually inspect the selected item 512
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and manually identify the selected item 512 or scan an item barcode using a barcode

reader.

[0095] The verification component in other examples outputs the item ID
query 522 to a user interface device associated with the smart cart device or a user
device if the selected item 522 added to the smart cart conforms with two or more
items identified in the item notification 308. The item ID query 522 prompts the user
to manually identify the selected item 512 from a list identifying the two or more
different items having item data matching the selected item data 510. The query can
also request the user manually scan a barcode of the selected item 512 using a barcode

reader device to identify the selected item 512.

[0096] The verification component 514 in other examples outputs an item 1D
query 522 to a user via a user interface device associated with the smart cart device if
the sensor data 410 generated by the set of cart sensor devices indicates removal of at
least one item from the cart storage area that is not identified. The query prompts the
user to identify the item(s) removed from the smart cart device via scanning the item
with a barcode scanner or entering the item identification into the user interface
device. In other examples, the query includes a list of items from the list of contents
which can be the item removed from the cart. The user is prompted to select the item

removed from the cart from the list of choices.

[0097] The verification component 514 sends an update 524 to a basket
update component 526. The basket update component 526 updates the list of contents
528. The list of contents 528 is a list of items in the storage area of the smart cart.
The list of contents 528 is an inventory of items selected for purchase by the shopper.
The list of contents is stored on the smart cart device. The update 524 adds the
selected item 512 to the list of contents 508.

[0098] A cache manager component 530 performs a deletion 532 removing
the item notification 308 from a cart cache 540 if all items identified in the item
notification are added to the list of contents 528 of the smart cart. The cache manager

component 530 deletes the item notification if all items identified in the item
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notification are added confirmed by one or more smart cart devices in the range of the
smart shelf. In other words, even if the selected smart cart does not receive every
item identified in the item notification, the item notification can be deleted if one or
more other smart carts confirms receipt of the remaining items identified in the item

notification 308.

[0099] In other examples, if all the items identified in the item notification
308 are not confirmed as received by one or more smart carts, the cache manager
component 530 deletes the item notification after a threshold wait time 534 after
receiving the item notification expires. The cache manager component 530
determines if the threshold wait time is expired by comparting a time stamp 542
identifying the time at which the item notification is received with a current time. If
the duration of time since the item notification was received is equal to or greater than
the threshold wait time, the notification is removed from the cache. If the wait time is
not expired, the cart continues analyzing sensor data to determine if the item(s)

removed from the shelf are being added to the cart.

[00100] A transaction completion component 544 provides a POS function
to enable completion of a purchase transaction 546 to purchase a set of selected items
548 in the smart cart device based on a set of values 550 and/or a set of promotions
associated with each item in the list of contents of the smart cart device. The set of
values 550 in some examples includes a price for each item in the set of selected items
548. The set of promotions 552 in some examples includes coupons, rebates, mark-
down prices, special deals, or other discounts associated with purchase of one or more

items.

[00101] In one example, a server or other computing device sends out
storewide (local) pricing updates/promotions to smart carts within the retail
environment. The smart carts are updated as to price changes, promotions, discounts
periodically. For example, pricing and promotions can be sent out on a daily basis.
A user can also scan coupons via a barcode scanner on a user device or on the smart
cart device. The user can place a physical hardcopy of the coupon into a coupon

container on the cart. If the customer wants to complete the transaction with cash, the
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customer can take cash to a traditional checkout, a self-checkout, a customer service

or other cash station/kiosk.

[00102] FIG. 6 is an exemplary block diagram illustrating a smart cart
device 206 having a plurality of sensor devices associated with the cart. In this non-
limiting example, a set of sensor devices 602 are attached to one side of the smart cart
device 206, a set of sensor devices 604 is attached to another side of the smart cart
device 206, a sensor device 606 is attached to a back portion of the smart cart device
600. The sensors can include barcode readers, image capture devices, RFID tag

readers, QR code readers, or any other type of sensor device.

[00103] In this non-limiting example, the smart cart device 206 includes a
weight sensor 608 is attached to a bottom portion of the smart cart device. The
weight sensor registers changes in weight as items are added to the cart or removed

from the cart.

[00104] FIG. 7 is an exemplary block diagram illustrating a cross-section of
a smart cart device 206 having a set of weight sensors. In this example, a weight
sensor 702 is located on the bottom 704 of a basket 706. As items, such as item 708,
item 710, item 712 and/or item 714, are placed into the basket 706 or removed from
the basket 706. In other examples, sensor devices optionally attach to a side 716 of

the cart 700, a handle 718 of the cart or any other portion of the basket 706.

[00105] FIG. 8 is an exemplary block diagram illustrating a top view of a
smart cart device 206 including a sensor device 802 on a track 804. The sensor
device 802 moves along the track 804 along the circumference of the basket 806 to
scan items, such as item 808, as the item is placed into the basket. If the item is
placed into the basket at a location that is sub-optimal for scanning by the scanner
device 802, the scanner device 802 slides along the track 804 to a position closer to

the item 808 for scanning.

[00106] The smart cart device 206 in this non-limiting example, includes a
single sensor device 802. In other examples, the smart cart device 206 includes two

or more sensor devices. In this example, the track 804 extends around two sides of
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the perimeter of the basket 806. In other examples, the track 804 extends along a
single side of the lip or perimeter of the basket, extend along three sides of the

lip/perimeter of the basket, and/or extend along the entire perimeter of the basket.

[00107] FIG. 9 is an exemplary block diagram illustrating a top view of a
smart cart device 206 having a sensor device 902 on a track 904 along a perimeter of
the basket. The track 904 can be located along a top edge of the basket, along a
middle portion of the basket or along a bottom portion of the basket. In other words,
the sensor device attached to the track can be located at any level within the basket
(top, bottom or mid-length). The sensor device 902 slides or moves along the track
904 to a position placing the sensor device within range of a barcode or other

identifying marking or feature on the item 906.

[00108] In this example, the track 904 extends along the entire perimeter of
the basket. In other examples, the track 904 extends along a single side, two sides or
three sides of the basket. The sensor device slides forward and backward or side-to-
side along the track (rails) across the top of the basket to allow for placing item in
front or back of the basket. The sensor device moves autonomously in real-time

based on the location of the item being placed into the basket.

[00109] In this non-limiting example, the user does not need to locate the
barcode or other item identifier on the item prior to placing the item in the basket.
The user drops the item into the basket, and the scanner device slides along the track

13to a position enabling the scanner device to scan the barcode on the item.

[00110] FIG. 10 is an exemplary block diagram illustrating a top view of a
sensor tunnel 1002 on a smart cart device 206 for scanning an item 1004 or generating
sensor data associated with the item 1004 as the item 1004 is placed into the smart
cart device 206. In some examples, the smart cart device 206 includes a retractable
top 1006 defining a space restricting access to the storage area of the smart cart to the
sensor tunnel. In other words, the user is only able to place the item 1104 into the cart
via the sensor tunnel. The top is retractable to enable easy access to the cart contents

(items in the basket) for removal of items and/or checkout.
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[00111] In some examples, the retractable top is placed across an aperture
associated with the basket to prevent placement of items into the basket without
passing through the sensor tunnel. The top can optionally be transparent to enable
viewing of items in the cart. The top is retractable for inserting items too large to pass

through the tunnel and/or unloading the cart.

[00112] The sensor tunnel mounts to the smart cart and scans multiple sides
of an item as the item passes through the tunnel. The sensor tunnel can include
barcode scanners, RFID tag readers, cameras or other sensor devices. In one
example, the barcode scanner scans multiple sides of the item to detect/read a barcode
on an item. In other words, the barcode on an item can be scanned by the sensor
tunnel regardless of which side of the item or which portion of the item the item
barcode is placed because the sensor tunnel is capable of scanning multiple sides of

the item simultaneously.

[00113] In this non-limiting example, the user does not need to locate the
barcode or other item identifier on the item prior to placing the item in the basket.
The user drops the item through the sensor tunnel attached to an aperture in the
basket. The sensors in the sensor tunnel scans multiple sides of the item as the item

falls through the tunnel to detect/scan the barcode.

[00114] FIG. 11 is an exemplary block diagram illustrating a smart shelf
device 204. The smart shelf device 204 includes at least one processor 1102
communicatively coupled to a memory 1104. The processor 1102 includes any
quantity of processing units and is programmed to execute the computer-executable
instructions 1105. The computer-executable instructions 1105 can be performed by
the processor 1102 or by multiple processors within the smart shelf device 204 or
performed by a processor external to the smart shelf device 204, such as a processor

on one or more smart cart devices.

[00115] The smart shelf device 204 further has one or more computer-
readable media such as the memory 1104. The memory 1104 includes any quantity of

media associated with or accessible by the smart shelf device 204. The memory 1104
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can be internal to the smart shelf device 204 (as shown in FIG. 11), external to the

smart shelf device 204 (not shown), or both (not shown).

[00116] The memory 1104 stores data, such as one or more applications.
The applications, when executed by the processor 1102, operate to perform
functionality on the smart shelf device 204. The applications can communicate with
counterpart applications or services such as web services accessible via a network,
such as the network 110 in FIG. 1. For example, the applications can represent
downloaded client-side applications that correspond to server-side services executing

in a cloud.

[00117] In some examples, the smart shelf device 204 optionally includes a
communications interface component 1106. The communications interface
component 1106 includes a network interface card and/or computer-executable
instructions (e.g., a driver) for operating the network interface card. Communication
between the smart shelf device 204 and other devices, such as but not limited to,
smart carts and other smart shelves, can occur using any protocol or mechanism over
any wired or wireless connection. In some examples, the communications interface
component 1106 is operable with short range communication technologies such as by

using near-field communication (NFC) tags.

[00118] The smart shelf device 204 includes a set of sensor devices 306 for
generating sensor data 410 associated with one or more items displayed on the smart
shelf device 204. In some examples, the set of sensor devices 306 includes one or
more weight sensors. When an item is removed or lifted off the shelf, the weight
sensor(s) register a decrease in weight attributable to the removed item. If the item is
returned to the shelf, the weight sensors register the increase in weight corresponding
to the item being set back down on the shelf. If an item notification is sent out by the
shelf for an item removed from the shelf which is subsequently replaced back onto the
shelf, the shelf sends out a delete notification (confirmation) message to smart carts in
range of the shelf instructing the smart carts to delete the item notification associated

with the item returned to the shelf.
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[00119] The memory 1104 in some examples stores one or more computer-
executable components. Exemplary components include a shelf manager component
1112. The shelf manager component 1112 generates an item notification 308,
including item data 118, describing a set of removed item 1118. The set of removed
item 1118 includes one or more items displayed or resting on the smart shelf which is
removed from the smart shelf for a threshold time-period without being
returned/replaced back onto the shelf. The shelf manager component 1112 sends the
item notification 308 to a set of smart carts within the notification zone (range) of the
smart shelf. If none of the cart’s returns a confirmation acknowledging that the set of
removed items are placed into one or more of the carts, the cart manager component
optionally re-sends the item notification periodically until a threshold wait-time has
expired. Upon expiration of the wait-time, the smart shelf clears the item notification

308 from a shelf cache on the memory 1104.

[00120] In some examples, the smart shelf sends a portion of the analytics
for identifying the set of removed items to one or more smart carts for execution on
the one or more smart carts. In other examples, a smart cart sends a portion of the
analytics for identifying items placed into the smart cart and determining whether an
item added to the cart matches an item in the set of removed items to the smart shelf

device 204 and/or one or more of the other smart carts.

[00121] This parallel processing on multiple smart carts and/or smart
shelves can be managed by a load balancer in some non-limiting examples. The load
distribution among smart carts and smart shelves improves processing speed,

calculation efficiency, and further improves resource usage.

[00122] FIG. 12 is an exemplary block diagram illustrating a smart shelf
device 204 having a plurality of items. The smart shelf device 204 in this example
includes a set of removed items 1202 lifted or moved off a portion 1204 of the smart
shelf device 204 for a threshold removal time 1206. The threshold removal time is
the amount of time after an item is removed from the shelf prior to identifying the
item as having been removed. For example, if the threshold removal time is one

second, an item is not identified as being removed from the shelf unless it is lifted off
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the shelf for more than one second. If the item is lifted and then immediately replaced

on the shelf in one second or less, an item notification is not sent out.

[00123] The threshold removal time is a user-configurable amount of time.
In some examples the threshold removal time is five seconds. In other examples, the
threshold removal time can be two seconds, or any other configurable time-period.
The threshold removal time reduces the number of item notifications sent out for
items which are only temporarily lifted off the shelf for a brief inspection by a
customer to read labels or otherwise identify the item prior to returning/replacing the

item back onto the shelf.

[00124] A set of undisturbed items 1208 is a set of one or more items which
are assigned for display on the shelf and which have not been removed from a portion
1210 of the shelf. A set of one or more sensor devices 1212 generates sensor data 410
associated with the set of undisturbed items. If an item is lifted off the shelf, the
sensor data identifies the removed item and/or generates item data describing the
removed item. The item data can include a weight of the item based on an amount of
weight decremented when the item is removed, size of the item, image of the item,

etc.

[00125] The smart shelf device 204 can include a transmitter device 1216
for transmitting item notifications and/or a receiver device 1218 for receiving
confirmation/acknowledge messages from smart carts. The transmitter device and the

receiver device can be implemented within a single communications device.

[00126] FIG. 13 is an exemplary block diagram illustrating a front view of a
smart shelf device 204 including a plurality of sections. The smart shelf device 204
includes item 1204 and item 1304 in section 1306, item 1304 in section 1308 and item
1206 in section 1208. In this example, different items are assigned each section or
portion of the shelf. The smart shelf device 204 includes a weight sensor 1314 on top
of the bottom layer of the shelf.

[00127] In this example, a single weight sensor 1314 detects weight changes

associated with all items on the shelf. In other examples, a different weight sensor is
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associated with each section of the shelf. For example, a first weight sensor
associated with section 1306, a second weight sensor associated with section 1308

and a third weight sensor associated with section 1208,

[00128] FIG. 14 is an exemplary block diagram illustrating a smart shelf
device 204 including a weight sensor 1402 located underneath the shelf 1206. When
the item 1404 is placed onto the shelf 1206, the weight sensor 1402 detects an
increase in weight. When the item 1404 is removed from the smart shelf device 204,

the weight sensor registers a decrease in weight.

[00129] FIG. 15 is an exemplary block diagram illustrating a set of sensor
devices 306. The set of sensor devices 306 includes sensor devices on smart cart

devices as well as sensor devices on smart shelf devices.

[00130] The set of sensor devices 306 includes a set of one or more weight
sensor devices 1502 in some examples. The set of weight sensor devices 1502
generates weight data 1504, including weight increases in response to items placed on
the shelf and weight decreases (decrement) when items are removed/lifted off the

shelf.

[00131] The set of sensor devices 306 in other examples includes a set of
one or more pressure sensor devices 1506. The set of pressure sensor devices 1506
generates pressure data 1508 when an item is placed on a smart shelf (or into a smart
shelf display) and/or when an item is removed from the smart shelf (or display). The
set of pressure sensor devices 1506 also generates footprint data 1510. The footprint
data 1510 identifies a shape of a top portion, bottom portion or side portion of an item

(footprint) in contact with a shelf surface.

[00132] A set of one or more barcode reader devices 1512 generate barcode
data obtained from scanning barcodes or other item identifiers. The set of barcode
reader devices 1512 generates UPC code data 1514, RFID tag data 1516, QR code
data 1canl18 and/or matrix barcode data 1520.
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[00133] In still other examples, the set of sensor devices 306 include a set of
image capture devices 1522 generating image data 1524 associated with items
removed from smart shelf devices or placed onto or into smart shelves/displays. An
image capture device can be implemented as a camera, an infrared (IR) sensor and/or

other optic sensors.

[00134] FIG. 16 is an exemplary flow chart illustrating operation of the
smart cart device to monitor contents of a smart cart device. The process shown in
FIG. 16 can be performed by a cart management component, executing on one or
more smart cart devices, such as a smart cart device in the set of smart cart devices

106 or the user device 114 in FIG. 1.

[00135] The process begins by determining whether an item notification is
received at 1602. The item notification is a notification such as, but not limited to, the
item notification 308 in FIG. 3 above. The cart management component retrieves
sensor data from cart sensor(s) at 1604. The cart management component analyzes
the sensor data using item data obtained from the item notification at 1606. The cart
management component determines whether an item is added to the cart at 1608. If
no, the cart management component determines if a threshold wait time is expired at
1610. If no, the process returns to 1604 and iteratively executes operations 1604
through 1608 until an item is added to the cart or the threshold wait time is expired at
1610. If the wait time is expired, the cart management component deletes the

notification at 1618 and the process terminates thereafter.

[00136] The cart management component determines whether an item added
to the cart conforms to the removed item data in the item notification at 1612. If no,
the process returns to 1610 to determine whether the threshold wait time is expired. If
the wait time is expired, the cart management component deletes the notification at

1618 and the process terminates thereafter.

[00137] Returning to 1612, if the cart management component determines
an item added to the cart conforms to an item identified in an item notification, the

cart management component transmits a cart confirmation message at 1614. The cart
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management component updates a list of contents of the smart cart at 1616. The

process terminates thereafter.

[00138] While the operations illustrated in FIG. 16 are performed by a smart
cart device, aspects of the disclosure contemplate performance of the operations by
other entities. For example, a cloud service can perform one or more of the

operations.

[00139] FIG. 17 is an exemplary flow chart illustrating operation of the
smart cart device to manage item notifications received from smart shelf devices. The
process shown in FIG. 17 can be performed by a cart management component,
executing on one or more smart cart devices, such as a smart cart device in the set of

smart cart devices 106 or the user device 114 in FIG. 1.

[00140] The process begins by receiving an item notification from a smart
shelf identifying one or more removed items at 1702. The cart management
component updates cache 1704. The cache update in some examples includes saving
the item notification into a cache on the smart cart device for a threshold time-period.
The cart management component analyzes cart sensor data at 1706. The sensor data
includes data generated by one or more sensor devices, such as, but not limited to, the

sensor data 410 in FIG. 4, FIG. 5, FIG. 11 and FIG. 12 above.

[00141] The cart management component determines whether all items
identified in the item notification are added to the smart cart device at 1708. If no, the
cart management component determines whether confirmation is received from one or
more other smart carts at 1710. If yes, the process returns to 1708. If all items are
added to one or more smart carts at 1708, the cart management component sends a
confirmation to the smart shelf at 1712. The smart shelf is a device such as, but not
limited to, the smart shelf device 204 in FIG. 2. The cart management component

deletes the notification from the cache at 1714. The process terminates thereafter.

[00142] Returning to 1710, if all items are not added to the smart cart and

confirmations are not received from other smart carts, the cart management
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component determines if the wait time is expired. If yes, the process terminates

thereafter.

[00143] While the operations illustrated in FIG. 17 are performed by a smart
cart device, aspects of the disclosure contemplate performance of the operations by
other entities. For example, a cloud service can perform one or more of the

operations.

Additional Examples

[00144] In some examples, the system provides communication between a
smart shopping cart and a product shelf. The system tracks the weight of an item
removed/lifted off the smart shelf. Smart shelves within a predetermined distance of
the smart shopping cart send an item notifications identifying an item removed from
the smart shelf to the smart shopping cart in response to detecting removal of an item

from a smart shelf within range of the cart.

[00145] The system in other examples compares the weight of an item
removed from a shelf with weight changes/weight increases due to items
added/placed into the cart within a predetermined time period of receiving the item
notification. In other examples, the system utilized image data, barcode data, item
footprint/pressure sensor data or any other type of data to detect removal of an item

from a shelf and/or placement of an item into a smart cart.

[00146] The smart shopping cart in some examples includes a set of sensor
devices monitoring items added to the smart shopping cart. The system utilizes the
sensor data generated on the cart to identify items as the items are placed into the cart.
If the smart shopping cart detects a weight increase associated with an item placed
into the cart without receiving any item notifications, in other examples, the smart
shopping cart sends a query to the smart shelf. The query requests
verification/confirmation that no item has been removed from the shelf and/or
requests identification of any items removed from smart shelf within a predetermined

time-period prior to detection of the unknown item placed into the cart.
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[00147] In this manner, the system provides a backward communication
between smart carts within a notification range of one or more smart shelves. The
system determines the identification of items added to smart shopping carts based on
the smart shopping carts’ locations in a store, weight changes associated with items
added to each cart, notifications received from the smart shelves, notifications
received from other smart shopping carts and/or items removed from smart shelves

within a predetermined range of the smart shopping carts.

[00148] In an example scenario, a scanner or other sensor device is attached
to the smart cart device. The user pairs a user device, such as a smart phone, with the
smart cart management component. When an item is picked for purchase, the shopper
drops the item into the cart. As the item is placed into the cart, scanners in the cart or
attached to the cart scans the item. In one example, the cart includes a sensor tunnel.
When an item is dropped through the tunnel, the tunnel scans the item for barcodes or
other identifying features. In still other examples, the smart cart management
component can be paired with a self-checkout scan and go system for completing a
purchase transaction of items in the cart without using a traditional POS device at a

checkout.

[00149] The smart cart in some examples includes a cart design that
prevents items in the basket from piling up inside the basket to improve accuracy of

sensor data generated by the cart sensor devices.

[00150] System integration between the carts and the shelves provides
verification and integration of pairing to cart for automatic payment. In other words,
the cart acts as a virtual POS for completing purchase of items in the smart shopping
cart without going through a physical POS device and/or without scanning items with
a scanner device at the physical POS device. The carts and shelfs communicate via a
network to determine location of items and/or cart contents without a server or other
computing device. The shelves and carts operate autonomously without complex

store system architecture.
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[00151] The system provides exception handling in other examples. If an
item is placed into a smart cart but the item fails to scan (unscanned item) or the scan
data/sensor data fails to identify the item, the system outputs a query requesting a user
manually scan the item or manually identify the item. In some examples, the item can
be manually scanned using the user device, a hand-held scanner, or a scanner on the
cart. Likewise, the user can manually remove/delete items from the list of items (cart
contents inventory) in the cart when the user removes an item from the cart and/or

chooses not to purchase an item in the cart.

[00152] In one example, a customer at the dairy section of a store selects a
yogurt from a smart shelf. The smart shelf knows what items are shelved there and
how many items have been removed. The smart shelf can utilize incremental weight
to determine how many (number/instances) of the item are taken. The shelf
informs/notifies nearby smart carts that these items and their corresponding weights
were just lifted off the shelf and likely to be placed in a cart nearby. The cart that sees
that exact weight added shortly thereafter, adds that item in that quantity to the

purchase list.

[00153] In another illustrative example, if there are two shoppers in the dairy
and one shopper selects a gallon of chocolate mile and the other shopper selects a
gallon of whole milk, barcode scanners on each cart can be utilized to determine

which cart received the chocolate milk and which cart received the whole milk.

[00154] Cameras are utilized in other examples to identify items placed in
smart carts where multiple different items having standardized weights are placed into
a cart. The camera generates images lifting the main color of the product as it is
placed into the cart. The image data assists with confirming which item is placed into
which cart. For example, boxes of cereal are sold by the same weight, but with wildly
different colors. Likewise, milk varieties are typically identified by the color of the

label on the milk jug or carton.

[00155] A manual override by a user is provided for a case when something

is added to a cart without a corresponding shelf pick. Likewise, if an item is removed
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from the cart prior to completing the transaction (before checkout), a manual override

or manual input can be provided by a user to identify the removed item.

[00156] In another non-limiting example, if a cart detects an unknown item
of some measured weight added to the basket, the cart can reach out to the shelves in
the area to inquire whether any of them had an item of that weight, size and/or color
on the shelf. The system optionally prompts the customer with a short list of possible
items if multiple shelves respond to the cart with multiple possible picks. If the item
is not on that list, the shelf is malfunctioning or if nothing is returned, then a wider
query is made by the cart to a store database/data storage device for a list of possible
items conforming to the item data for the newly added unidentified item based on the
customer’s location in the store. The customer is presented with that short list of
possible conforming items. The user selects the correct item from the output list. The

list can be output on the cart’s user interface or the user device.

[00157] Alternatively, or in addition to the other examples described herein,

examples include any combination of the following:

- the cache manager component, implemented on the at least one processor,
deletes the item notification from a cart cache on condition a set of
confirmation messages received from a set of smart cart devices within the
notification zone of the smart shelf device indicates all items in the set of
removed items are added to at least one smart cart device within the

notification zone;

- the cache manager component, implemented on the at least one processor,
deletes the item notification from a cart cache on condition a threshold wait

time after receiving the item notification expires;

- an analysis component, implemented on the at least one processor, compares
weight sensor data generated by at least one weight sensor associated with the
storage area of the first smart cart device with item data, including weight

data, associated with the set of removed items to determine whether the at
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least one selected item added to the storage area of the first smart cart matches

at least one of the items in the set of removed items;

- an analysis component, implemented on the at least one processor, compares
image data generated by at least one image capture device associated with the
storage area of the first smart cart device with item data, including image data,
associated with the set of removed items to determine whether the at least one
selected item added to the storage area of the first smart cart device matches at

least one of the items in the set of removed items;

- the verification component, implemented on the at least one processor, outputs
an item identification query to a user via a user interface device associated
with the first smart cart device on condition the sensor data generated by the
set of cart sensor devices indicates at least one item added to the storage area

1s non-conforming with any item in the set of removed items;

- wherein the item identification query prompts the user to manually identify the
at least one item or manually scan a barcode associated with the at least one

item;

- the verification component, implemented on the at least one processor, outputs
an item identification query to a user interface device associated with the first
smart cart device on condition at least one item notifications associated with a
plurality of items removed from at least one smart shelf device within a
predetermined time-period is received and the sensor data associated with the
at least one selected item conforms with two or more different items in the

plurality of removed items;

- wherein the item identification query prompts the user to manually identify the

at least one item from a list identifying the two or more different items;

- the verification component, implemented on the at least one processor, outputs
an item identification query to a user via a user interface device associated

with the first smart cart device on condition the sensor data generated by the
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set of cart sensor devices indicates removal of at least one item from the
storage area of the first smart cart device, wherein the item identification
query prompts the user to identify the at least one item removed from the

storage area of the first smart cart device;

- atransaction completion component, implemented on the at least one
processor, completes a user purchase of the set of selected items in the storage
area of the first smart cart device based on a set of values associated with each

item in the list of contents of the first smart cart device;

- atransaction completion component, implemented on the at least one
processor, receives an updated set of values for at least one item in the list of
contents of the first smart cart device from a remote data storage device via a

network;

- updating, by a basket update component, a list of contents of the first smart
cart device to include the removed item on condition the verification
component verifies the removed item described in the first item notification

conforms to an item added to the first smart cart;

- removing, by a cache manager component, the item notification from a cart
cache on condition a second cart confirmation associated with the removed
item is received from a second smart cart device prior to expiration of the

threshold wait time;

- deleting, by a shelf cache manager component, the item notification from a
shelf cache on condition a cart notification is received from at least one smart

cart device;

- deleting, by a shelf cache manager component, the item notification from a

shelf cache on condition a wait time threshold expires;

- outputting, by a user interface device, an item identification query prompting a

user to manually identify an item added to the storage area on the first smart
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cart device on condition the item added to the storage area fails to conform

with item data in an open item notification;

- deleting, by a cache manager component, the item notification from a cart
cache on condition the sensor data generated by the set of sensor devices fails
to identify an item conforming to the item data associated with the removed

item;

- performing, by a first processor on a first smart cart device, a first portion of

cart content analytics;

- performing, by a second processor on a second smart cart device, a second
portion of the cart content analytics, wherein the first smart cart device
transmits a result of the first portion of the cart content analytics to the second

smart cart device;

- acoupon container configured to accept physical coupons utilized during

completion of the transaction; and

- wherein the set of sensor devices further comprises at least one of a set of
weight sensor devices, a set of image capture devices, a set of pressure sensor

devices and a set of barcode reader devices.

[00158] At least a portion of the functionality of the various elements in
FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG.
11, FIG. 12, FIG. 13, FIG. 14 and FIG. 15 can be performed by other elements in
FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG.
11, FIG. 12, FIG. 13, FIG. 14 and FIG. 15, or an entity (e.g., processor, web service,
server, application program, computing device, etc.) not shown in FIG. 1, FIG. 2,
FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG.
13, FIG. 14 and FIG. 15.

[00159] In some examples, the operations illustrated in FIG. 16 and FIG. 17
can be implemented as software instructions encoded on a computer-readable
medium, in hardware programmed or designed to perform the operations, or both.
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For example, aspects of the disclosure can be implemented as a system on a chip or
other circuitry including a plurality of interconnected, electrically conductive

elements.

[00160] While the aspects of the disclosure have been described in terms of
various examples with their associated operations, a person skilled in the art would
appreciate that a combination of operations from any number of different examples is

also within scope of the aspects of the disclosure.

[00161] The term “Wi-Fi” as used herein refers, in some examples, to a
wireless local area network using high frequency radio signals for the transmission of
data. The term “BLUETOOTH®” as used herein refers, in some examples, to a
wireless technology standard for exchanging data over short distances using short
wavelength radio transmission. The term “cellular” as used herein refers, in some
examples, to a wireless communication system using short-range radio stations that,
when joined together, enable the transmission of data over a wide geographic area.
The term “NFC” as used herein refers, in some examples, to a short-range high
frequency wireless communication technology for the exchange of data over short

distances.

[00162] While no personally identifiable information is tracked by aspects
of the disclosure, examples have been described with reference to data monitored
and/or collected from the users. In some examples, notice is provided to the users of
the collection of the data (e.g., via a dialog box or preference setting) and users are
given the opportunity to give or deny consent for the monitoring and/or collection.

The consent can take the form of opt-in consent or opt-out consent.

Exemplary Operating Environment

[00163] Exemplary computer-readable media include flash memory drives,
digital versatile discs (DVDs), compact discs (CDs), floppy disks, and tape cassettes.
By way of example and not limitation, computer-readable media comprise computer
storage media and communication media. Computer storage media include volatile

and nonvolatile, removable and non-removable media implemented in any method or
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technology for storage of information such as computer-readable instructions, data
structures, program modules and the like. Computer storage media are tangible and
mutually exclusive to communication media. Computer storage media are
implemented in hardware and exclude carrier waves and propagated signals.
Computer storage media for purposes of this disclosure are not signals per se.
Exemplary computer storage media include hard disks, flash drives, and other solid-
state memory. In contrast, communication media typically embody computer-
readable instructions, data structures, program modules, or the like, in a modulated
data signal such as a carrier wave or other transport mechanism and include any

information delivery media.

[00164] Although described in connection with an exemplary computing
system environment, examples of the disclosure are capable of implementation with
numerous other general purpose or special purpose computing system environments,

configurations, or devices.

[00165] Examples of well-known computing systems, environments, and/or
configurations that can be suitable for use with aspects of the disclosure include, but
are not limited to, mobile computing devices, personal computers, server computers,
hand-held or laptop devices, multiprocessor systems, gaming consoles,
microprocessor-based systems, set top boxes, programmable consumer electronics,
mobile telephones, mobile computing and/or communication devices in wearable or
accessory form factors (e.g., watches, glasses, headsets, or earphones), network PCs,
minicomputers, mainframe computers, distributed computing environments that
include any of the above systems or devices, and the like. Such systems or devices
can accept input from the user in any way, including from input devices such as a
keyboard or pointing device, via gesture input, proximity input (such as by hovering),

and/or via voice input.

[00166] Examples of the disclosure can be described in the general context
of computer-executable instructions, such as program modules, executed by one or
more computers or other devices in software, firmware, hardware, or a combination

thereof. The computer-executable instructions can be organized into one or more
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computer-executable components or modules. Generally, program modules include,
but are not limited to, routines, programs, objects, components, and data structures
that perform tasks or implement abstract data types. Aspects of the disclosure can be
implemented with any number and organization of such components or modules. For
example, aspects of the disclosure are not limited to the specific computer-executable
instructions or the specific components or modules illustrated in the figures and
described herein. Other examples of the disclosure can include different computer-
executable instructions or components having more functionality or less functionality

than illustrated and described herein.

[00167] In examples involving a general-purpose computer, aspects of the
disclosure transform the general-purpose computer into a special-purpose computing

device when configured to execute the instructions described herein.

[00168] The examples illustrated and described herein as well as examples
not specifically described herein but within the scope of aspects of the disclosure
constitute exemplary means for dynamically identifying cart contents via item
notifications and cart confirmation messages sent in real-time. For example, the
elements illustrated in FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. §,
FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14 and FIG. 15, such as when
encoded to perform the operations illustrated in FIG. 16 and FIG. 17, constitute
exemplary means for receiving an item notification including item data associated
with a removed item in a plurality of items removed from a portion of a smart shelf
device for a threshold removal time; exemplary means for analyzing sensor data
generated by at least one sensor device associated with a set of selected items added
to a storage area of the first smart cart device; exemplary means for determining if a
selected item in the set of selected items conforms to the removed item; exemplary
means for transmitting a first cart confirmation message confirming addition of the
removed item to the first smart cart device on condition item data associated with the
selected item conforms to item data associated with the removed item; and exemplary
means for removing the item notification from a cart cache on condition a threshold
wait time expires prior to detecting addition of an item to the storage area conforming
to the item data associated with the removed item.
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[00169] Other non-limiting examples provide one or more computer storage
devices having a first computer-executable instructions stored thereon for providing
notifications from a smart shelf to one or more smart carts in a notification zone.
When executed by a computer, the computer performs operations including analyzing
sensor data to identify items removed from a shelf and analyze cart sensor data to

determine which smart cart the identified item is placed into by a user.

[00170] The order of execution or performance of the operations in
examples of the disclosure illustrated and described herein is not essential, unless
otherwise specified. That is, the operations can be performed in any order, unless
otherwise specified, and examples of the disclosure can include additional or fewer
operations than those disclosed herein. For example, it is contemplated that executing
or performing an operation before, contemporaneously with, or after another

operation is within the scope of aspects of the disclosure.

[00171] When introducing elements of aspects of the disclosure or the

examples thereof, the articles "a," "an," "the," and "said" are intended to mean that

there are one or more of the elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that there can be additional elements
other than the listed elements. The term “exemplary” is intended to mean “an example
of.” The phrase “one or more of the following: A, B, and C” means “at least one of A

and/or at least one of B and/or at least one of C."

[00172] In an exemplary embodiment, one or more of the exemplary
embodiments include one or more localized Internet of Things (IoT) devices and
controllers. As a result, in an exemplary embodiment, the localized IoT devices and
controllers can perform most, if not all, of the computational load and associated
monitoring and then later asynchronous uploading of summary data can be performed
by a designated one of the IoT devices to a remote server. In this manner, the
computational effort of the overall system can be reduced significantly. For example,
whenever localized monitoring allows remote transmission, secondary utilization of
controllers keeps securing data for other IoT devices and permits periodic asynchronous

uploading of the summary data to the remote server. In addition, in an exemplary
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embodiment, the periodic asynchronous uploading of summary data can include a key
kernel index summary of the data as created under nominal conditions. In an exemplary
embodiment, the kernel encodes relatively recently acquired intermittent data
(“KRI”). As a result, in an exemplary embodiment, KRI includes a continuously
utilized near term source of data, but KRI can be discarded depending upon the degree
to which such KRI has any value based on local processing and evaluation of such
KRI. In an exemplary embodiment, KRI may not even be utilized in any form if it is
determined that KRI is transient and can be considered as signal noise. Furthermore,
in an exemplary embodiment, the kernel rejects generic data to provide a modified
kernel (“KRG”) by filtering incoming raw data using a stochastic filter that thereby
provides a predictive model of one or more future states of the system and can thereby
filter out data that is not consistent with the modeled future states which can, for
example, reflect generic background data. In an exemplary embodiment, KRG
incrementally sequences all future undefined cached kernels of data to filter out data
that can reflect generic background data. In an exemplary embodiment, KRG further
incrementally sequences all future undefined cached kernels having encoded

asynchronous data to filter out data that can reflect generic background data.

[00173] Having described aspects of the disclosure in detail, it will be
apparent that modifications and variations are possible without departing from the
scope of aspects of the disclosure as defined in the appended claims. As various
changes could be made in the above constructions, products, and methods without
departing from the scope of aspects of the disclosure, it is intended that all matter
contained in the above description and shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.
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CLAIMS
WHAT IS CLAIMED IS:

1. A system for dynamic identification of cart contents via item notifications, the
system comprising:

a plurality of items associated with a smart shelf device;

a communications interface device associated with the smart shelf
device, the communication interface device sends an item notification
including item data associated with a set of removed items in the plurality of
items removed from a portion of the smart shelf device for a threshold
removal time;

a set of smart cart devices located within a notification zone of the
smart shelf device, the set of smart cart devices comprising a first smart cart
device and a second smart cart device, the first smart cart device comprising:

a control device comprising at least one processor
communicatively coupled to a memory;

a set of cart sensor devices generating sensor data associated
with a set of selected items added to a storage area of the first smart cart
device;

an analysis component, implemented on the at least one
processor, analyzes the sensor data associated with at least one selected item
added to the storage area within a threshold time-period of receiving the item
notification to determine whether the at least one selected item conforms to an
item in the set of removed items;

a verification component, implemented on the at least one
processor, transmits a cart confirmation message identifying the at least one
selected item to the smart shelf device and the second smart cart on condition
the at least one selected item conforms to the at least one removed item in the
set of removed items;

a basket update component, implemented on the at least one processor,
adds the at least one selected item to a list of contents of the first smart cart;
and
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a cache manager component, implemented on the at least one processor,
deletes the item notification from a cart cache on condition all items in the set of

removed items are added to the list of contents of the first smart cart.

2. The system of claim 1, further comprising:

the cache manager component, implemented on the at least one processor,
deletes the item notification from the cart cache on condition a set of confirmation
messages received from the set of smart cart devices within the notification zone
of the smart shelf device indicates all items in the set of removed items are added

to at least one smart cart device within the notification zone.

3. The system of claim 1, further comprising:

the cache manager component, implemented on the at least one processor,
deletes the item notification from the cart cache on condition a threshold wait time

after receiving the item notification expires.

4. The system of claim 1, further comprising:

the analysis component, implemented on the at least one processor,
compares weight data generated by at least one weight sensor associated with the
storage area of the first smart cart device with the item data, including the weight
data, associated with the set of removed items to determine whether the at least
one selected item added to the storage area of the first smart cart matches at least

one of the items in the set of removed items.

5. The system of claim 1, further comprising:

the analysis component, implemented on the at least one processor,
compares image data generated by at least one image capture device associated
with the storage area of the first smart cart device with the item data, including the

image data, associated with the set of removed items to determine whether the at
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least one selected item added to the storage area of the first smart cart device

matches at least one of the items in the set of removed items.

6. The system of claim 1, further comprising:

the verification component, implemented on the at least one processor,
outputs an item identification query to a user via a user interface device associated
with the first smart cart device on condition the sensor data generated by the set of
cart sensor devices indicates at least one item added to the storage area is non-
conforming with any item in the set of removed items, wherein the item
identification query prompts the user to manually identify the at least one item or

manually scan a barcode associated with the at least one item.

7. The system of claim 1, further comprising:

the verification component, implemented on the at least one processor, outputs
an item identification query to a user interface device associated with the first
smart cart device on condition at least one item notification associated with the
plurality of items removed from at least one smart shelf device within a
predetermined time-period is received and the sensor data associated with the at
least one selected item conforms with two or more different items in a plurality of
removed items, wherein the item identification query prompts a user to manually
identify the at least one item from a list identifying the two or more different

items.

8. The system of claim 1, further comprising:

the verification component, implemented on the at least one processor, outputs
an item identification query to a user via a user interface device associated with
the first smart cart device on condition the sensor data generated by the set of cart
sensor devices indicates removal of at least one item from the storage area of the
first smart cart device, wherein the item identification query prompts the user to
identify the at least one item removed from the storage area of the first smart cart
device.
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9. The system of claim 1, further comprising:

a transaction completion component, implemented on the at least one
processor, completes a purchase of the set of selected items in the storage area of
the first smart cart device based on a set of values associated with each item in the

list of contents of the first smart cart device.

10. The system of claim 1, further comprising:

a transaction completion component, implemented on the at least one
processor, receives an updated set of values for at least one item in the list of
contents of the first smart cart device from a remote data storage device via a

network.

11. A computer-implemented method for dynamically identifying items placed

into a smart cart device, the computer-implemented method comprising:

receiving, by a communications interface device associated with a first
smart cart device, an item notification including item data associated with
an item in a plurality of items removed from a portion of a smart shelf
device for a threshold removal time;
analyzing, by an analysis component, sensor data generated by at least
one sensor device associated with a set of selected items added to a storage
area of the first smart cart device;
determining, by a verification component, whether a selected item in
the set of selected items conforms to the removed item;
transmitting, by the verification component, a first cart confirmation
message confirming addition of the removed item to the first smart cart device
on condition the item data associated with the selected item conforms to the
item data associated with the removed item; and
removing, by a cache manager component, the item notification from a

cart cache on condition a threshold wait time expires prior to detecting
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addition of an item to the storage area conforming to the item data associated

with the removed item.

12. The computer-implemented method of claim 11, further comprising:
updating, by a basket update component, a list of contents of the first
smart cart device to include the removed item on condition the verification
component verifies the removed item described in the item notification

conforms to an item added to the first smart cart.

13. The computer-implemented method of claim 11, further comprising:

removing, by the cache manager component, the item notification from the
cart cache on condition a second cart confirmation associated with the removed
item is received from a second smart cart device prior to expiration of the

threshold wait time.

14. The computer-implemented method of claim 11, further comprising:

sending an item identification query to a set of smart shelf devices within a
notification zone of the smart cart device on condition an unidentified item is
added to the storage area of the smart cart device, wherein the item identification
query comprises unidentified item data associated with the unidentified item; and

receiving displayed item data associated with a set of items displayed on the
set of smart shelf devices conforming to the unidentified item data associated with
the unidentified item added to the smart cart device; and

the smart cart device analyzes the displayed item data to identify the
unidentified item, wherein the smart cart device determines whether the
unidentified item is an item removed from the set of smart shelf devices within the

notification zone.

15. The computer-implemented method of claim 11, further comprising:

performing, by a first processor on the first smart cart device, a first
portion of cart content analytics; and
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performing, by a second processor on a second smart cart device, a second
portion of the cart content analytics, wherein the first smart cart device
transmits a result of the first portion of the cart content analytics to the second

smart cart device.

16. The computer-implemented method of claim 11, further comprising:

outputting, by a user interface device, an item identification query
prompting a user to manually identify an item added to the storage area on the
first smart cart device on condition the item added to the storage area fails to

conform with the item data in an open item notification.

17. A smart cart device comprising:

a basket;

a set of wheels;

a set of sensor devices generating sensor data associated with a set of
selected items placed into the basket;

a control device comprising a processor and a memory
communicatively coupled to the processor;

areceiver device receives an item notification from a set of smart
devices within a notification zone, the item notification comprising item data
describing a selected item removed from a smart shelf device in a set of smart
shelf devices;

a transmitter device sends a cart confirmation to the set of smart shelf
devices in response to detection of an item added to the basket conforming to
the item data describing the selected item removed from the smart shelf
device;

a basket update component, implemented on the at least one processor,
adds the selected item to a list of contents of a first smart cart on condition the

cart confirmation is sent; and
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a transaction completion component, implemented on the at least one
processor, that completes a transaction associated with a list of items on

condition transaction completion input is received from a user.

18. The smart cart device of claim 17, further comprising;
deleting, by a cache manager component, the item notification from a
cart cache on condition the sensor data generated by the set of sensor devices
fails to identify an item conforming to the item data associated with the

removed item.

19. The smart cart device of claim 17, further comprising:
a coupon container configured to accept physical coupons utilized

during completion of the transaction.

20. The smart cart device of claim 17, wherein the set of sensor devices further
comprises at least one of a set of weight sensor devices, a set of image capture
devices, a set of motion sensor devices, a set of pressure sensor devices and a

set of barcode reader devices.
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