wo 20187209360 A1 | 0K 0000 O RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation = 00T 0 0O R
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 209360 Al

15 November 2018 (15.11.2018) WIPO | PCT

(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
G060 20/18 (2012.01) HO04N 5/232 (2006.01) HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(21) International Application Number: KR,KW,KZ LA, LG, LK, LR, LS, LU, LY, MA, MD, ME,
PCT/US2018/032610 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(22) International Filing Date: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
14 May 2018 (14.05.2018) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English  (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English lgnMd, OKfE}:efg:iSéfj ﬁi;ffﬁ;,ﬁfﬁf\lg ng{;i?sg?gz’,(;g:
(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
62/505,776 12 May 2017 (12.05.2017) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. . EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
71) Apphcant:. FOCAL SYSTEMS, INC. [US/US]; 2 View MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
Terrace, Millbrae, CA 94030 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors: CHAUBARD, Francois; Focal Systems, Inc., KM, ML, MR, NE, SN, TD, TG).
2 View Terrace, Millbrae, CA 94030 (US). GARAFULIC,
Adriano, Quiroga; Focal Systems, Inc., 2 View Terrace, Published:
Millbrae, CA 94030 (US). —  with international search report (Art. 21(3))
(74) Agent: SAFFRON, Michael, A. et al.; Fenwick & West
LLP, Silicon Valley Center, 801 California Street, Mountain
View, CA 94041 (US).
(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
(54) Title: AUTOMATIC LABELING OF PRODUCTS VIA EXPEDITED CHECKOUT SYSTEM

(57) Abstract: A portable checkout unit automatically generates training data
for an automatic checkout system as a customer collects items in a store. A
customer uses an item scanner of portable checkout unit to generate a virtu-
al shopping list of items collected in the shopping cart. When the customer
adds a new item to the shopping cart or on some regular interval, the portable
checkout unit captures images of the items contained by the shopping cart
and can generate bounding boxes for each product in each image. The bound-
ing boxes can be associated with item identifiers from previously-generated
bounding boxes to identify the items captured by the bounding boxes. Fach
bounding box paired with an item identifier can then be used as training data
for an automated checkout system.

|
1

FIG. 2

N



WO 2018/209360 PCT/US2018/032610

AUTOMATIC LABELING OF PRODUCTS VIA EXPEDITED
CHECKOUT SYSTEM
CROSS REFERENCE TO RELATED APPLICATION
[0001] The present disclosure claims the benefit of U.S. Provisional Patent Application
No. 62/505,776, entitled “Automatic Labeling of Product Images and Self-Checkout with
Loss Prevention” and filed on May 12, 2017, which is hereby incorporated by reference in its
entirety.
[0002] The present disclosure also relates to U.S. Patent Application No. 15/587,713,
entitled “Expedited Checkout System through Portable Checkout Units” and filed on May 1,
2017, and U.S. Patent Application No. 15/885,746, entitled “ Automated Checkout System
through Mobile Shopping Units” and filed on January 31, 2018, the contents of each of which
is hereby incorporated by reference in their entirety.
BACKGROUND
[0003] In conventional stores, a customer collects items in a shopping cart or a hand-held
basket, and brings the collected items to a cashier. Typically, the cashier must scan a barcode
that is printed or placed on each item the customer is purchasing, and a point-of-sale (POS)
system determines the total price of the collected items. However, this method for checking
out a shopper in a store is inefficient. A cashier must scan each item purchased by every
customer who shops at the store. If too many customers want to check out of the store at the
same time, a customer may have to wait in line for a long time before a cashier can check out
the customer from the store. Some stores parallelize this process by making more than one
cashier and POS system available to customers. However, stores must pay cashiers to be
available to check out customers, and thus additional cashiers may be prohibitively expensive
for stores.
[0004] Some stores include automated point-of-sale systems wherein a customer uses the
point-of-sale system directly to purchase their items and check out of the store without a
cashier. However, these automated POS systems can still be prone to long lines, and the
unfamiliar user interfaces can be difficult for a customer to use.
[0005] Some stores may use an expedited checkout system, which allows customers to
scan products as they place the products in their shopping cart (or shopping basket) to
generate a shopping list of products that the customers intend to purchase from the store. The
customers can then checkout from the store using an interface on a portable checkout unit or

through a point of sale system. However, an expedited checkout system may be inconvenient
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for customers because customers may still be required to individually scan each product they
place into their shopping carts. Stores may alternatively or additionally use automated
checkout systems, which identify products that a customer places in their shopping cart using
cameras, and/or other sensors, that may be attached to the shopping cart. These automated
checkout systems can be very convenient for customers because the list of products in their
carts are automatically generated for them. However, automated checkout systems typically
rely on machine-learned models that are trained based on numbers of labeled images for each
product that could enter the shopping cart. These labeled images can be expensive to
generate using conventional methods, which typically require human labelers. Additionally,
during operation of an automated checkout system, the cameras attached to the shopping cart
may not be able to capture sufficient information in the image to accurately predict a product
identifier for each products in the cart. For example, occlusion of products in the shopping
cart or a lack of trained data for a specific product or edge case may cause the automated
checkout system to be incapable of identifying the product.

SUMMARY
[0006] A portable checkout unit of an expedited checkout system can automatically
generate training data for an automatic checkout system as a customer collects items and
places the items in a shopping cart or a hand-held basket. A customer uses a portable
checkout unit to generate a virtual shopping list of items that the customer intends to
purchase. A customer scans items using an item scanner of the portable checkout unit. The
item scanner determines an item identifier for the item and updates a virtual shopping list that
stores item identifiers for items that the customer has collected in the shopping cart. When
the customer adds a new item to the shopping cart or on some regular interval, the portable
checkout unit captures image data of the new item and previous items that are contained
inside the shopping cart (or hand-held basket). The portable checkout may detect an item that
is added to the shopping cart using a camera or one or more sensors that detect that a change
in inventory has occurred inside the shopping cart. The portable checkout unit uses the image
data to identify portions of the images that represent items in the shopping cart based on the
item identifiers stored in the virtual shopping list. In some embodiments, the portable
checkout unit generates a bounding box around each product in each image, and matches
them to previously identified bounding boxes in previously-captured images to track
bounding boxes per product per camera. The portable checkout unit can pair each tracked
bounding box with the item identifiers stored in the virtual shopping list based on the time at

which the product entered the shopping cart and the time at which the product was scanned.
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[0007] The portable checkout unit generates training data based on the identified portions
of the images. In some embodiments, the generated training data includes pairings of
bounding boxes with item identifiers. The portable checkout unit may store the generated
training data locally or may transmit the generated training data to a store system for storage.
[0008] An expedited checkout system can thereby provide the training data necessary to
train an automated checkout system for use in the store or in other stores, thereby enabling
the effective use of automated checkout systems in more stores. Furthermore, the training
data is generated automatically as customers purchase items from a store, thereby reducing
the development costs of automated checkout systems.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 illustrates an example system environment and architecture for an
expedited checkout system, in accordance with some embodiments.
[0010] FIG. 2 illustrates example camera positions of cameras attached to a shopping
cart, in accordance with some embodiments.
[0011] FIG. 3 is a flowchart for a method for generating training data for an automated
checkout system via a portable checkout unit, in accordance with some embodiments.

DETAILED DESCRIPTION

[0012] An expedited checkout system allows a customer to generate a virtual shopping
list on a client application operating on the customer’s mobile device, and expedite checkout
from a store using the client application. The expedited checkout system can additionally
generate labeled image data for training an automated checkout system. FIG. 1 is a system
diagram for an example expedited checkout system 100, in accordance with some
embodiments. The expedited checkout system 100 illustrated in FIG. 1 includes a portable
checkout unit 110, a network 120, and a store system 130. Alternative embodiments may
include more, fewer, or different components from those illustrated in FIG. 1. For example,
while a single portable checkout unit 110 is illustrated in FIG. 1, alternate embodiments may
include multiple portable checkout units 110. The functionality of each component may be
divided between components differently from the description below. For example, some of
the functionality of the portable checkout unit 110 may be performed by a mobile device of
the customer that is in communication with the portable checkout unit 110. Furthermore,
each component may perform their respective functionalities in response to a request from a
human, or automatically without human intervention. U.S. Patent Application No.
15/587,713 describes an expedited checkout system in further detail.
[0013] The portable checkout unit 110 allows a customer to generate a virtual shopping
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list while the customer collects items within a store. The portable checkout unit 110 is
physically attached to a shopping cart or a hand-held basket that is made available by a store
that 1s using the expedited checkout system 100. In some embodiments, the portable checkout
unit 110 can be attached to a pre-exiting shopping cart or hand-held basket, e.g. via a bracket,
a mount, a strap, screws, bolts, or adhesive. In other embodiments, the portable checkout
unit 110 can be manufactured into the cart itself.

[0014] The portable checkout unit 110 includes an item scanner 140 that a customer can
use to scan items in the store. The item scanner 140 can include a one-dimensional laser
barcode scanner, a two-dimensional laser barcode scanner, a camera-based image processing
scanner, or a radio-frequency identification (RFID) scanner. The item scanner 140 can scan
an item and determine an item identifier associated with the item. The item identifier
identifies a type of the item that is scanned by the item scanner. An item type describes a
particular product, brand, or category. In some embodiments, the item identifier is a stock
keeping unit or a universal product code. The portable checkout unit 110 updates a virtual
shopping list for the customer’s visit to the store via a shopping list module 150. The virtual
shopping list is a list of one or more list elements that describe items that the customer has
collected in a shopping cart or a hand-held basket to purchase from the store. Each list
element includes an item identifier and a count of items collected by the customer that are
associated with the item identifier. If the item scanner 140 determines an item identifier for a
scanned item, the shopping list module 150 updates the virtual shopping list to include the
item associated with the item identifier. If a list element associated with the received item
identifier does not exist yet, the shopping list module 150 generates a new list element and
stores the new list element in the virtual shopping list. If the list element already exists, the
shopping list module 150 increments the count associated with the list element.

[0015] The portable checkout unit 110 presents the virtual shopping list to the customer
via a display 160. The virtual shopping list is presented with the list elements stored in the
virtual shopping list, and may present the item identifier and item count associated with each
list element. Each list element may also be presented with information about the items
associated with the list elements, such as the names, descriptions, a picture, pricing
information, or nutrition information of each item. The portable checkout unit 110 may
receive the item information from an item database stored by the store system 130 via the
network 120. To receive the item information from the store system 130, the portable
checkout unit 110 may transmit the item identifier to the store system 130 and, in response to

receiving the item identifier, the store system 130 may transmit item information associated
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with the item identifier to the portable checkout unit 110. In some embodiments, some or all
of the item database is stored by the portable checkout unit 110. The portable checkout

unit 110 may also present advertisements or coupons to the customer that are related to the
items in the customer’s virtual shopping list. For example, if the customer has bread in their
virtual shopping list, the portable checkout unit 110 may present advertisements or coupons
for sliced meats or for condiments.

[0016] In some embodiments, when the customer is ready to checkout from the store, the
customer can select a checkout option presented by the portable checkout unit 110 and, in
response, the portable checkout unit 110 initiates the transaction for the customer to check
out of the store. In some embodiments, the customer checks out of the store without going to
a POS system. For example, the customer may use a payment interface 170 provided by the
portable checkout unit 110 to pay for the items in their virtual shopping list. The payment
interface 170 may include a magnetic card reader, an EMYV reader, or an NFC scanner to
receive payment information from the customer. Payment information can include credit card
information, debit card information, bank account information, or peer-to-peer payment
service information. The portable checkout unit 110 transmits payment information received
from the customer to the store system 130 to execute the checkout transaction. If the payment
information is valid and the transaction is successful, the portable checkout unit 110 is
notified by the store system 130 that the transaction was successful, and presents a
notification to the customer with a receipt for the checkout transaction. The portable checkout
unit 110 may print a receipt for the customer through a thermal printer, or may provide an
option to the customer to be sent an electronic receipt for the transaction (e.g., via email or
text message). In some embodiments, an employee of the store confirms that the customer
has only the items that the customer has purchased. To prevent the possibility of theft,
customer may be required to undergo an audit and present a receipt to an employee of the
store to validate the checkout transaction. The receipt may be a printed receipt, an electronic
receipt transmitted to the customer, or a receipt stored by the portable checkout unit 110.
[0017] In some embodiments, the customer checks out via a POS system. The customer
may be required to provide a customer identifier or a shopping list identifier to a cashier
operating the POS system. For example, the customer may be required to provide their name,
their initials, a customer identification number, an email address, a username, or a shopping
list identification number. In some embodiments, the portable checkout unit 110presents a
shopping list identifier to be used to identify the customer’s virtual shopping list to the POS

system. For example, the portable checkout unit 110 may present a PIN, a one-dimensional



WO 2018/209360 PCT/US2018/032610

barcode, or a two-dimensional barcode that can be used to identify the customer’s virtual
shopping list. When the POS system receives the shopping list identifier, the POS system
retrieves the virtual shopping list from the store system 130. The employee operating the POS
system may check the items collected by the customer and ensure that the items are
accounted for in the virtual shopping list. The customer uses the POS system to provide
payment information for the transaction and can receive a receipt for the transaction from the
POS system physically or electronically.

[0018] While the portable checkout unit 110 generates and updates a shopping list for the
customer, the image labeling module 180 of the portable checkout unit 110 generates labeled
training images of the contents of the customer’s cart. When the customer scans an image
using the portable checkout unit 110, the image labeling module 180 instructs one or more
cameras attached to the shopping cart or hand-held basket to capture one or more images of
the contents of the shopping cart or hand-held basket. Each camera attached to the shopping
cart or hand-held basket may capture a single image or a series of images. In some
embodiments, the image labeling module 180 instructs the one or more cameras to capture
images of the contents of the shopping cart or hand-held basket when sensors on the shopping
cart or hand-held basket detect that the contents of the shopping cart have changed. For
example, the image labeling module 180 may instruct the one or more cameras to capture
images when some combination of pressure, motion, depth, or RFID sensors on the shopping
cart detect a change in the contents of the shopping cart.

[0019] FIG. 2 is a top-down view illustration of example camera positions on a shopping
cart 200, in accordance with some embodiments. As explained above, the portable checkout
unit 110 can be mounted to a shopping cart, as pictured in FIG. 2, or to a hand-held basket.
Cameras 210 are mounted at various positions on the shopping cart 200, which provides a
variety of angles at which image data can be collected to identify items that have been added
to or removed from the shopping cart 200. Any or all of these example camera positions may
be used and the set of camera positions illustrated in FIG. 2 are not an exhaustive set of
possible camera positions that may be used by mobile shopping units.

[0020] The image labeling module 180 labels the captured images based on virtual
shopping list. For example, the image labeling module 180 may label the images with the
item identifiers for the items stored in the virtual shopping list. The image labeling module
180 also may generate bounding boxes that identify where in the captured images each item
is represented. The bounding boxes may include item identifiers that represent the items

captured by the bounding boxes, thereby identifying the items bounded by the bounding
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boxes. The image labeling module 180 may generate the bounding boxes using a model that
generates bounding boxes based on the item identifiers in the virtual shopping list. For
example, the image labeling module 180 may use a machine-learned model that generates
bounding boxes for items in the shopping cart based on the virtual shopping list. The image
labeling module 180 may use additional data from sensors on the shopping cart to generate
the bounding boxes. For example, the image labeling module 180 may use pressure sensor
data, motion sensor data, depth sensor data, or RFID sensor data to determine where in the
shopping cart the item was placed.

[0021] In some embodiments, the image labeling module 180 uses the previous positions
of bounding boxes to generate new bounding boxes. For example, the image labeling module
180 may determine that an item in the shopping cart did not move when the new item was
added to the cart, and thus may determine that the bounding box for the item should be near
the location of a previously-determined bounding box for the item. In some embodiments,
the image labeling module 180 generates bounding boxes that identify the positions of items
within the images captured by the cameras attached to the shopping cart without identifying
the item contained by each bounding box. The image labeling module 180- may then pair the
generated bounding boxes with previously-generated bounding boxes to identify the items
contained by newly-generated bounding boxes. The item identifier for the item contained by
the previously-generated bounding boxes may be associated with the newly-generated
bounding box that is paired with the previously-generated bounding box. In some
embodiments, the bounding boxes are paired using a pairing algorithm such as the
Intersection over Union algorithm or the Mutual Information algorithm.

[0022] The image labeling module 180 transmits the labeled image data to the store
system 140 for storage or use in training an automatic checkout system for use in the store.
The image labeling module 180 may also transmit additional training data to store system
130. The additional training data may be captured by sensors attached to the shopping cart.
For example, the additional training data may include pressure sensor data, proximity sensor
data, motion sensor data, or depth sensor data from sensors attached to the shopping cart.
[0023] The portable checkout unit 110 can communicate with the store system 130 via
the network 120, which may comprise any combination of local area and wide area networks
employing wired or wireless communication links. In some embodiments, the network 120
uses standard communications technologies and protocols. For example, the network 120
includes communication links using technologies such as Ethernet, 802.11, worldwide

interoperability for microwave access (WiMAX), 3G, 4G, code division multiple access
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(CDMA), digital subscriber line (DSL), etc. Examples of networking protocols used for
communicating via the network 120 include multiprotocol label switching (MPLS),
transmission control protocol/Internet protocol (TCP/IP), hypertext transport protocol
(HTTP), simple mail transfer protocol (SMTP), and file transfer protocol (FTP). Data
exchanged over the network 120 may be represented using any format, such as hypertext
markup language (HTML) or extensible markup language (XML). All or some of the
communication links of the network 120 may be encrypted. In some embodiments, the
network 120 comprises a network operated by the store that uses the expedited checkout
system 100.

[0024] The store system 130 comprises one or more computing devices that are operated
by a store that uses the expedited checkout system 100. The store system 130 stores a
database of item information for items sold by the store. For example, the store system 130
may store item identifiers, item names, item descriptions, item reviews, item pictures,
advertisements associated with items, and coupons associated with items. In some
embodiments, the store system 130 also stores a copy of virtual shopping lists for customers
shopping within the store. The store system 140 may receive the virtual shopping lists from
the customers’ mobile devices when the virtual shopping lists are updated or when the
customer is about to check out of the store. In some embodiments, the store system 130
receives payment information from a POS system at which the customer is checking out to
charge the customer for the items in their virtual shopping list.

[0025] The store system 130 also receives training data from the portable checkout unit
110 for training an automated checkout system. The training data includes labeled images
generated by the portable checkout unit 110 and may also include sensor data captured by
sensors attached to the shopping cart. The store system 130 can use the training data to train
machine-learned models that are used by an automated checkout system, such as the
automated checkout system described in U.S. Patent Application No. 15/885,746. An
automated checkout system trained using the training data received from the portable
checkout unit can identify items placed in the shopping cart in real time using the cameras
attached to the shopping cart. The automated checkout system can generate a virtual
shopping list based on items identified in the shopping cart using images from the cameras
attached to the shopping cart and any sensor data captured by sensors attached to the
shopping cart.

EXPEDITED STORE CHECKOUT

[0026] FIG. 3 is a flowchart for a method of generating labeled images via a portable
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checkout unit, in accordance with some embodiments. Alternate embodiments may include
more, fewer, or different steps from those illustrated in FIG. 3, and the steps may be
performed in a different order from that illustrated in FIG. 3. Additionally, each of these steps
may be performed automatically by the expedited checkout system without human
intervention.

[0027] The portable checkout unit receives 300 an item identifier for an item collected by
a customer as the customer is shopping in a store. The portable checkout unit may receive
the item identifier via an item scanner that is integrated into the portable checkout unit. The
portable checkout unit updates 310 a virtual shopping list for the customer’s trip to the store
based on the received item identifier. The virtual shopping list describes items that the
customer has scanned using the portable checkout unit and collected in a shopping cart (or a
hand-held basket). The virtual shopping list includes a set of item identifiers for the items
that the customer has scanned and collected, and can be updated to include the received item
identifier when the portable checkout unit receives the item identifier.

[0028] When the portable checkout unit receives the item identifier, the portable checkout
unit captures 320 one or more images of the contents of the shopping cart. The portable
checkout unit captures the one or more images using one or more cameras that are attached to
the shopping cart. In some embodiments, the shopping cart includes one or more sensors
(e.g., pressure sensors or proximity sensors) that capture sensor data for the contents of the
shopping cart. The portable checkout unit may capture images of the shopping cart in
response to the one or more sensors determining that a change to the contents of the shopping
cart has occurred. For example, the portable checkout unit may capture images of the
shopping cart in response to receiving pressure sensor data or proximity sensor data that an
item has been added to the shopping cart. The portable checkout unit may use the received
item identifier to determine which item was added to the shopping cart by the customer.
[0029] The portable checkout unit identifies 330 portions of the captured images that
represent the one or more items stored in the shopping cart. The portable checkout unit may
use the item identifiers stored in the virtual shopping list to identify the portions of the
captured images that represent the items collected in the shopping cart. For example, the
portable checkout unit may use a model that can identify portions of an image that represents
an item for a given item identifier. The identified portions of the captured images may be
designated using bounding boxes that identify portions of the captured images that represent
items. Each bounding box may be associated with an item identifier that identifies the item

represented by the portion of an image identified by the bounding box. In some
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embodiments, the portable checkout unit uses sensor data to identify portions of the image
that represent items. For example, the portable checkout unit may use pressure sensor data or
proximity sensor data to determine where an item was placed within the shopping cart. In
some embodiments, the portable checkout unit identifies portions in multiple images that
represent a single item in the shopping cart. For example, the portable checkout unit may
identify portions of images that represent an item captured from different perspectives.
[0030] The portable checkout unit generates 340 training data based on the identified
portions of images. The training data may include the identified portions of the images and
item identifiers associated with the identified portions that identify the items represented in
the portions. In some embodiments, the training data includes labels for the items
represented in the portions that are derived based on the item identifiers scanned manually by
the shopper that is stored in the customers virtual shopping list . The training data may
further include sensor data captured by sensors attached to the shopping cart. The training
data may be used by the expedited checkout system to train an automated checkout system to
identify items that customers place shopping carts in real time.

ADDITIONAL CONSIDERATIONS

[0031] The foregoing description of the embodiments has been presented for the purpose
of illustration; it is not intended to be exhaustive or to limit the patent rights to the precise
forms disclosed. Persons skilled in the relevant art can appreciate that many modifications
and variations are possible in light of the above disclosure.

[0032] Some portions of this description describe the embodiments in terms of algorithms
and symbolic representations of operations on information. These algorithmic descriptions
and representations are commonly used by those skilled in the data processing arts to convey
the substance of their work effectively to others skilled in the art. These operations, while
described functionally, computationally, or logically, are understood to be implemented by
computer programs or equivalent electrical circuits, microcode, or the like. Furthermore, it
has also proven convenient at times, to refer to these arrangements of operations as modules,
without loss of generality. The described operations and their associated modules may be
embodied in software, firmware, hardware, or any combinations thereof.

[0033] Any of the steps, operations, or processes described herein may be performed or
implemented with one or more hardware or software modules, alone or in combination with
other devices. In some embodiments, a software module is implemented with a computer
program product comprising a computer-readable medium containing computer program

code, which can be executed by a computer processor for performing any or all of the steps,
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operations, or processes described.

[0034] Embodiments may also relate to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, and/or it may
comprise a general-purpose computing device selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program may be stored in a
non-transitory, tangible computer readable storage medium, or any type of media suitable for
storing electronic instructions, which may be coupled to a computer system bus. Furthermore,
any computing systems referred to in the specification may include a single processor or may
be architectures employing multiple processor designs for increased computing capability.
[0035] Embodiments may also relate to a product that is produced by a computing
process described herein. Such a product may comprise information resulting from a
computing process, where the information is stored on a non-transitory, tangible computer
readable storage medium and may include any embodiment of a computer program product
or other data combination described herein.

[0036] Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the patent
rights be limited not by this detailed description, but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the embodiments is intended to be
illustrative, but not limiting, of the scope of the patent rights, which is set forth in the

following claims.
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WHAT IS CLAIMED IS:
1. A method comprising:
receiving, at a portable checkout unit attached to a shopping cart, an item identifier
identifying an item sold by a store;
updating a virtual shopping list based on the received item identifier, the virtual
shopping list comprising one or more item identifiers for one or more items
contained in the shopping cart, the one or more item identifiers comprising the
received item identifier;
capturing one or more images using one or more cameras attached to the shopping
cart, the one or more cameras being directed towards the one or more items
contained by the shopping cart;
identifying, for each item of the one or more items, one or more portions of the one or
more images that contain the item; and
generating training data that comprises, for each item of the one or more items, the
one or more images that contain the item, the identified portions of the one or
more images, and a label comprising information about the item contained in
the one or more images.
2. The method of claim 1, further comprising: training a machine-learned model for
an automated checkout system using the generated training data.
3. The method of claim 1, further comprising: receiving sensor data from one or more
sensors attached to the shopping cart.
4. The method of claim 3, wherein the one or more sensors comprise at least one of a
pressure sensor, a proximity sensor, a motion sensor, a depth sensor, or an RFID sensor.
5. The method of claim 3, wherein the generated training data further comprises the
received sensor data.
6. The method of claim 3, further comprising: detecting that the item associated with
the item identifier was added to the shopping cart based on the received sensor data.
7. The method of claim 6, wherein the one or more images are captured in response to
detecting that the item was added to the shopping cart.
8. The method of claim 1, wherein the received item identifier is received from an
item scanner of the portable checkout unit.
9. The method of claim 1, wherein each of the one or more portions comprises a

bounding box.
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10. The method of claim 9, wherein each bounding box for the one or more portions is
associated with an item identifier of the one or more item identifiers.

11. The method of claim 9, wherein each bounding box for the one or more portions is
generated based on previously-generated bounding boxes.

12. The method of claim 11, wherein each bounding box for the one or more portions
is paired with a previously-generated bounding box, and wherein each bounding box for the
one or more portions is associated with an item identifier associated with the previously-
generated bounding box associated with the bounding box.

13. A portable checkout unit comprising:

a processor; and

a computer-readable medium comprising instructions that, when executed by the

processor, cause the processor to:

receive, at a portable checkout unit attached to a shopping cart, an item
identifier identifying an item sold by a store;

update a virtual shopping list based on the received item identifier, the virtual
shopping list comprising one or more item identifiers for one or more
items contained in the shopping cart, the one or more item identifiers
comprising the received item identifier;

capture one or more images using one or more cameras attached to the
shopping cart, the one or more cameras being directed towards the one
or more items contained by the shopping cart;

identify, for each item of the one or more items, one or more portions of the
one or more images that contain the item; and

generate training data that comprises, for each item of the one or more items,
the one or more images that contain the item, the identified portions of
the one or more images, and a label comprising information about the
item contained in the one or more images.

14. The portable checkout unit of claim 13, wherein the computer-readable medium
comprises instructions that cause the processor to: receive sensor data from one or more
sensors attached to the shopping cart.

15. The portable checkout unit of claim 14, wherein the one or more sensors comprise
at least one of a pressure sensor, a proximity sensor, a motion sensor, a depth sensor, or an

RFID sensor.
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16. The portable checkout unit of claim 14, wherein the computer-readable medium
further comprises instructions that cause the processor to: detect that the item associated with
the item identifier was added to the shopping cart based on the received sensor data.

17. The portable checkout unit of claim 16, wherein the one or more images are
captured in response to detecting that the item was added to the shopping cart.

18. The portable checkout unit of claim 13, wherein the received item identifier is
received from an item scanner of the portable checkout unit.

19. The portable checkout unit of claim 13, wherein each of the one or more portions
comprises a bounding box.

20. The portable checkout unit of claim 19, wherein each bounding box for the one or

more portions is associated with an item identifier of the one or more item identifiers.
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