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AUTOMATED AND SELF-SERVICE ITEM KIOSK

PRIORITY CLAIM

100011 This application claims priority to U.S. Patent Application No. 17/199.883, filed
March 12, 2021, and titled “Automated and Self-Service Hem Kiosk,” the contents of which

are herein incorporated by reference in their entirety.

BACKGROUND

(0002} Automation and self-service have become more and more popular in many
different arcas of everyday life. For example, car rental agencies now often indicate to
customers upon arrtval of a parking stall from which to retrieve their automobile, thereby
atlowing the castomer to retrieve their rental and depart m a fully selfservice manner. Some
stores now offer self-service or automated checkout of items picked by a customer of the
store. However, such systems are complex and often require tracking of the customer as they
move about the store, detection of active tags affixed to ttems that are scanned when the

itoms are picked by the customer, and/or scanming of items at a self-service checkout stand.

BRIEF DESCRIPTION OF THE DRAWINGS
[3003] The detailed description s described with reference to the accompanyving figures.

10004} FIG. 1 13 a block diagram of a kiosk, in accordance with descnibed

mnplementations.

[3005] FIG. 215 a schematic diagram iHlustrating the identification of items picked/placed

from a kiosk, i accordance with described implementations,

10006} FIGs. 3A through 3C illustrate a transition diagram of a user interacting with a

kiosk, i accordance with described mmplementations.
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160071 FIGs. 4A through 41 illustrate an example kiosk process, in accordance with

described implemeniations.

10008} FIGs. 5A through 3B illastrate an example event list determination process, in

accordance with described implementations.

100091 FIGs. 6A through 6B illustrate an example weight based item determination

process, i accordance with deseribed noplementations.

(00107 FiGs. 7A through 7B illestrate an example image based item determination

process, m accordance with deseribed implementations.

10011} FIGs. 8A and 8B illustrate an example prior event and post event images
generated with an imaging component of a kiosk, in accordance with described

mmplementations.

(0012} FIGs. 9A through 9B illustrate an example manual vertfy item determination

process, i accordance with described mmplementations.

[0013] FIG. 1015 a block diagram conceptually illustrating components of an example

kiosk, in accordance with described implementations.

10014} FIG. 11 s a block diagram conceptually tdlustrating example components of a

remote computer resource, in accordance with described implementations.

DETAILED DESCRIPTION

[0015] Described is a sysiem, method, and apparatus of an avtomated and self-service
kiosk apparatus (“kiosk”) that allows customers to selact inventory items available from the
kiosk and walk or move away with selected inventory ttem{s} without having to process

pavment, wdentify the inventory ttem{s), or provide any other form of checkout.

(0016} As discussed further below, the kiosk may contain a plurality of oventory teras
that become accessible {o a customer upon wdeniificaion of the customer and mitiation of a

segsion, which may occur when a door or other barrier of the kiosk s released to enable
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access to the inventory tiems by the customer. The session completes when the door or other

barrier is retumed and access to the inventory items 1s prohibited.

0017} In comparison to existing kiosks or item vending machines, i which a customer
mteracts with a display to select an item that is then vended or provided to the customer, the
disclosed mplementations provide the customer with sivaltancous access to multiple tf oot
all items of the kiosk and the customer 1s able 1o interact with the items before uitimate
selection of one or more items. For example, when the user opens a door of the kiosk of the
disclosed implementations, initiating a session, the customer may view, pick up, handle,
and/or otherwise interact with ifems within the kiosk without having 1o first purchase or
otherwise pay for the ttems. For example, during a session, a customer may pick up an item
from a shelf within the kiosk, view the item, and then return the item to the shelf without
having to pay for or otherwise be charged for the ttem. In the disclosed mmplementations, i is
only after a session is complete {1.¢., access to the items inside the kiosk is no longer
available} i3 a determination made as to whether the customer 13 to be charged for an item. In
the above example, if the customer picks an ttern from a shelf and then closes the door to the
kiosk without retuming the item to the shelf, the session 15 compieted, the event of the
customer picking the stem as part of the session determined, and the customer or an account
associated with the customer charged a fee for the picked item that was retained by the
customer. In comaparison, if the customer picks the 1tem from the shelf, retums the item to
the shelf, and then closes the door to the kiosk, the session is completed, it 1s determuned that
the customer did not pick an ttem from the kiosk during the session that was not placed back

mto the kiosk, and no fee is charged to the customer for the ttem.

00183 in addition to providing customers with direct access to ttems of a kiosk without
requiring that the customer first purchase the ttems, the disclosed tuplementations, as
discussed turther below, also allow the kiosk to operate with hmited or no network

connectivity and to remain operational during power outages.

[0019] FIG. | illustrates an example kiosk 100, in accordance with deseribed
mnplementations. The kiosk 100 may include a housing 103, which may be made of any ofa
variety of materials and provide a support and stracture to the kiosk. Incorporated into the
housing 103 may be a unique wdentifier component 102, such as a keypad, scanner, touch-
based display, biometnics scanner, barcode scanner, quick response code (“QR code™)

scanncr, or any other type of component that is operable (o monitor for a unique dentifier.
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The kiosk 100 also mcludes a door 104 or other barrier that may be engaged or disengaged to
prohibit or allow access to inventory items 107 contained within an interior of the

housing 103 of the kiosk 100. The door 104 may include or utilize a locking mechantsm,
such as a mechanical locking mechanism, an electromagnetic locking mechamism, a solenoid
locking mechanism, a magnetic locking mechanmsm, etc. Within the interior of the housing
may be one or more shelves 106, cach of which are abic to hold one or more inventory

rtems 107, Likewise, as discussed further below, cach shelf 106 may inchide one or more
weight sensors that are operable to measure a total weight of items placed m an area of the
shelf corresponding to the weight sensor. For example, a shelf 106 may have one or more
weight sensors. o some vaplementations, each shelf may be divided udo one or more arcas
and each arca may have a single corresponding weight sensor. Likewise, each area of a shelf
may be assigned to a single inventory item tvpe such that all ttems placed m that area, or all
rtems that are supposed to be placed in that area, correspond to a same ttem type and have the
same orf similar item information {¢.g., cach fiem type has a simular item weighty. The

kiosk 100 may also mclude one or more imagmg elements 108, such as cameras. In some
mplementations, as illustrated, the one or more imaging elements 108 may be positioned
above and forward of the door 104 of the kiosk and oriented downward to enable image

generation of 1mage data of a hand of a customer reaching into and out of the kiosk 100,

100201 As a customer approaches the kiosk 100, the customer is identified, such as
through detection of an active tag, Hike a Radio Frequency Identification ("RFID™) tag, in
possession of the customer, scanning a bar code presented by the customer using the unigue
wlentifier component 102, receiving a keyed input, mage processing of images generated by
the one or more imaging elements 108 to detect the customer and determine the dentity of
the customer, ete. Upon customer identification, a locking mechanism of the door 104 of the
kiosk 100 is disengaged such that the door may be moved from a closed position to an open
position, thereby providing the custoraer access to inventory tiems 107 stored on the

shelves 106 within the mterior of the housing 103 of the kiosk 100

100211 As discussed in further detail below, upon customer identification and
disengagement of the door, even if a network comnnection from the kiosk 160 becomes
reduced or enavailable and/or power to the kiosk 100 15 interrupted, the castomer may still
mteract with and select tems from the kiosk as if network connection and power were

available. The kiosk 100, as discussed herein, may collect the data utilized 1o deternine the
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event {¢.g., item pick, item place), process the data to determine the event, and provide the
determined event information and/or collected data at a later time when network connection

and/or power is restored.

100223 As the customer interacts with inventory items 107 within the kiosk 100, weight
sensors {discussed below) and/or imaging clement{s} 108 of the kiosk 100 arc operable alone
or in combination to record weight sensor data and/or image data, respectively, mdicative of
an item pick of an inventory item 107 from a shelf 106 of the kiosk 100 by the customer
and/or an ttem place of an inventory item 107 onto a shelt 106 of the kiosk 100 by the
customer. An item pick and an em place are each referred to herein as an gvent. An

“event,” as used herein, mchudes an action {pick, place) and an item.

100231 Upon closure of the door 104 of the kiosk 100, the scssion is completed and the
recorded weight sensor data and/or image data is processed to detect events that ocourred
during the session and to determine the action and the item mvolved in each determingd
cvent. In some implementations, a laddered algorithm may be used to determine an dentity
of an inventory item 107 involved 1o an event using one or more of wventory information
{kiosk mventory information and/or kiosk area inventory information) corresponding to an
arca within the kiosk at which the event occurred, weight sensor data received from weight
sensors of the area within the kiosk at which the event occurred, and/or image data received
from imaging ¢lement(s} 108 of the kiosk at the beginning or prior to the event and/or at the
end or following the event (post event}. Kiosk mventory information may include, for
example, mdications of mventory item types at different arcas within the kiosk 100, the size,
shape, and/or average em weight of inventory items, the quantity of mventory items, the
weight of cach ttem of inventory within the kiosk, etc. Kiosk area inventory information may
mclude, for example, the inventory item type(s) associated with the area, the size, shape,
and/or average item weight of the inventory item {ype(s) associated with the area, the

quantity of inventory items at the arca, the weight of each ttem at the area, ete.

100241 Weight sensor data from a weight sensor positioned on a shelf 106 of the

kiosk 1006 may be used to detect the oecurrence of an event {¢. g, item pick or item place) at
an area of a shelf within the kiosk, for example, through detection of a weight change. The
weight sensor data and item information for an mventory item 107 kuown to be located i the
area of a shelf 106 corresponding to the weight sensor {¢.g., from kiosk mventory

mformation) may be used o uniguely identity the inventory item invalved in the event. Hthe
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mventory tem cannot be uniguely identified from the weight sensor data and item
mformation, the inventory information and the weight sensor data may be combined and
further processed with image data from the one or more tnaging clements to identity the
mventory item mvolved in the event. Ifthe mventory item involved 1o the event sull cannot
be uniguely identified, the ttem information for mventory items at the area within the kiosk at
which the event occurred, the weight sensor data, and the image data may be provided to an

agend for moanual identification of the mventory ttem mvolved i the event.

[0025] Upon ttern identification of an ioventory tiem jnvolved o an evend, such as an
ttem pick, the cost of the nventory item (in the event of an item pick) is charged to an
account of the customer or otherwise associated with or applied to the customer. Likewise,

the inventory count for the imventory item at the kiosk may also be updated.

160261 FIG. 2 fllustrates a block diagram 200 of additional details of the example kiosk
tustrated n FIG. 1, in accordance with described implementations. As tlustrated, the
example kiosk mcludes one or more imaging clements 208 and shelves 206, The shelves 206
may hold one or more trays, such as trays 202-1, 202-2, 202-3, 202-4. The trayvs may be
affixed to the shelves and/or removable to allow for different configurations of inventory
ttems on the travs. Hach tray 202 may hold one or more inventory iteras that sit or rest upon
asurface of the trav. The travs 202 may be removable for cleaning and/or to reconfigure the
kiosk with different sizes of frays, shich may be used to hold different size wventory items.
Improving the cleanability of the kiosk, such as through removable trays, may increase the
longevity and improve the accuracy of the kiosk components, such as the weight sensors 204
In other implementations, the fray may be omitied and inventory ttems placed directly on the

shelffweight sensor withio cach arca.

160271 Each tray may inchude or be placed upon a weight sensor, such as weight

sensors 204-1, 204-2, 204-3, 204-4. As discussed above, when an inventory tiem is picked
from a tray 202 within the kiosk or placed onto a tray 202 within the kiosk, the weight sensor
meluded 1 the tray or upon which the tray is placed detects a weight change resulting from
the removal or placement of the inventory stem. The detected weight change, represented as
weight sensor data 209, is transmitted from the weight sensor 204 to a weight based item
determination compaonent 210, In addition to providing the weight sensor data, the identity of
the weight sensor 204, the tray 202 corresponding to the weight sensor 204, the shelf 206

upon which the weight sensor is placed, the area of the shelf corresponding to the weight
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sensor 204, and/or other identifier that may be used to determine a tray 202 or area
corresponding to the weight sensor data 209, may also be provided or incloded with the

weight sensor data.

00283 The weight based itom deternination component 210, in response to receiving the
weight sensor data 209, mayv obtain from a data store 211 kiosk inventory information for the
kiosk, tray status/area information for the tray/arca corresponding to the weight sensor, and/or
other information that may be used to determine inventory ttems positioned on the tray 202 or
at the arca corresponding to the weight sensor data.  As illustrated, the data store 211 may
melude any of a variety of information for imventory item types, travs/areas, the kiosk, etc.
For example, for cach area of a shelf, or tray 228-1, such as trays 1, 2, 3, 4, through N, the
data store 211 may maintain information including, but not himited to, the status 220-2 of the
tray/area, the e type 220-3 of mventory ttems associated with the tray/arca, the average
weight 220-4 of the item types associated with the trav/area, the quantity 220-3 of items
known to be at the tray/area, etc. Such information may be referred to herein as kiosk area
mformation. The status 220-2 may indicate whether the trav/area inciudes only a single
mventory item type or if multiple different inventory item tvpes are positioned on the
tray/area, referred to herein as a mixed status. For example, the expanded view of the data
store 211 mdicates that tray/arcas 1, 2, and N have a status 220-2 of single while

tray/area 202-4 has a status of mixed. Likewise, the iten type 220-3 may indicate the tem
type of inventory items associated with that tray/arca and the average weight 220-4 may
mdicate the average weight of that item type. While the illustrated example shows a single
data table, in other implementations multiple data tables may be included in the data

store 211. For example, a separate data table mav be mautained for cach arca and/or for
cach shelf. In stll other examples, a data table may be maintained mdicating items that have

been placed in an incorrect arca within the kiosk.

10029} Based on the kiosk mventory wformation and the weight sensor data 209, the
weight based ttem determination component 210 atfempts to uniquely identify the tnventory
itom type mvolved 1o the event. In some tmplementations, the weight sensor data may
mdicate both a weight measured by the weight sensor at the start of an event {(event start
weight) and a weight measured by the weight sensor at the end of the event {cvent end

weight), such as when the measared weight change stabilizes. In other examples, the weight
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sensor data 209 may only indicate the ditference between the weight measured at the start of

the event and the weight measured at the end of the event {event weight change).

[3030] H the weight based item determination component 210 can uniguely identify the
mventory item type involved m the event, an indication of the uniquely identified mventory
ttem type is provided to the predicted product component 216, I the weight based tiem
determination component 210 cannot unmiquely identify the mventory item type mvolved in
the event, the weight sensor data 209, and the nventory information (kiosk inventory
mformation and/or kiosk area mventory mfommation) are provided to the image based item

determination component 212

100311 The 1mage based item determination component 212 utilizes the weight sensor
data 209, kiosk mventory mformation and/or kiosk area mmventory information obtained from
the data store 211, and images gencrated from the imaging element{s) 208 to attempt to
puniquely identify the inventory item type involved in the cvent. For example, the image
based item deterination component 212 may process tmages of the kiosk that arc generated
before, dunng, and/or after the occurrence of the event in an effort fo 1dentify an mventory
ttem of an inventory item type represented in one or more of those tmages that is being held
by a customer {¢.g., picked from the kiosk or placed into the kiosk). As discussed further
below, information from the processed image(s) may be used in comjunction with the weight
sensor data 209 and/or mventory information from the data store 211 to atiempt to uniquely
wdentify the inventory ttem type involved in the ovent. Hf the image based item determination
coraponent 212 can uniquely dentity the inventory ttem type involved in the event, the
wdentity of the fnventory item is provided fo the predicted product component 216, Ifthe
mmnage based item defermination component 212 cannot uniquely identify the inventory itom
tvpe of the loventory tier jnvelved in the ovent, the image data, weight sensor data 209, and
the inventory information 1s sent for manual identification 214, Duning mamual identification,
an agent may review one or more of the weight sensor data 209, inventory location
imformation, and/or the image(s) gencrated by the unaging clemeni(s) 208 before, during,
and/or after the occurrence of the event to determine the identity of the inventory e type of
the inventory ifern involved in the event. Once identified, the identity of the inventory item

type of the mventory item is provided to the predicted product component 216

16032} FIGs. 3A through 3C llustrate an example transition diggram of a customer 330

mteracting with a kiosk, in accordance with described implementations. In general, the
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discussion presented with respect to FIGs. 3A through 3C 15 descnibed trom the perspective
of the user 1 that many of the steps performed by the kiosk service 344 are descnibed
collectively, regardiess of whether those steps are performed at a kiosk 300 or at one or more

remote computer resources 3 1) in communication with a kiosk of the kiosk service 344.

100331 The cxample discussed with respect to Fi(Gs. 3A through 3C begins witha
customer 330 acecssing an application 322 executing on a portable device 320 m the
possession of or associated with the customer to obtain an access identifier (Faccess D7),
also referred to herein as a unigue identifier, that may be used by the customer 330 to gain
access to an mterior of a kiosk 300, In some examples, the access 1D may be pre-stored in
the application 322 of the user device. In other examples, the apphcation 322 may send an
access 1D request to the kiosk service 344 via a network 305, such as the Internet and/or other
network that enables communication between the application 322 executing on the

device 320 and the kiosk serviee 344, as m 350-1. For example, the application 322 may
send an access 1D request that inchudes an identifier, such as a customer identifier, device
wlentifier or other identifier that may be used by the kiosk service 344 to determine an
account associated with the customer 330, In some implementations, the access 1D request
may be sent from the application 3272 executing on the device 320 to one or more computer

resources 310 that are remote from the kiosk 300

[0034] As ustrated, the remote computer resources 310 may include one or morg
servers, such as servers 310-1, 316-2 through 3106-N. These servers 310-1 - 310-N may be
arranged in any number of ways, such as server famms, stacks, and the bike that are commonly
used in data centers. Furthermore, the servers 310-1 - 310-N may mclude one or more
processors 316 and memory 314 which may store program instructions, such as the
management service 312, and execute one or more of the processes or features discussed
herein. Likewise, the portable device 320 may be any type of device such as a laptop, cell
phone, table, wearable, ete., and may include one or more processors 326 and a memory 324
which may store program instruections, such ag an application 322, and execute one or more

of the processes or features discussed herein.

00353 The kiosk service 344, upon receipt of the access ID request, generates an access
1 for use by the customer to gain access to a kiosk 300 of the kiosk service, as n 350-2.
The access 1D, or unique identifier, may be any form of identifier that may be used by the

kiosk service 344 to uniguely identify the customer 330 and/or an account of the
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customer 330, For example, the access 1D may be a randomly generated number or senes of
numbers, characters, symbols, ete | that 15 associated with an account of the customer by the

kiosk service 344 to link the account/customer to the access 113,

00363 As will be appreciated, the kiosk service 344 may inclode any number of

kiosks 300, such as kiosks 300-1, 300-2, through 300-N, that may be accessed by the same or
different customers and that are managed by the management service 312 as part of the kiosk
service 344, In some implementations, the access 1D generated in response to an access (D
request may be used by the customer to access any kiosk 300-1 through 300-N of the kiosk
service 344. In other examples, the access I may only allow access to a specific kiosk or
specific mumber of kiosks. Sull further, in some examples, the access 1D may only be valid
for a defined period of time {¢.g., 3 hours, 1 day, etc.) and/or valid for a defined number of
accesses (¢.g., one access, two accesses, eic.). Once the access 1D is no longer valid, the
customer 330 may need o obtan a new access 1D from the kiosk service 344 before further
access to kiosks s available. Providing access IDs for a defined period of time/uses may

morease security for both the kiosk service 344 and the customer 330,

100373 Upon generation of the access 1D, the kiosk service 344 provides the generated
access 1D, via the network 303, back to the application 322 exceuting on the device 320, as

i 350-3.

0038} While the above exanple describes the application 322 requesting an access 1D
from the kiosk service, the kiosk service 344 generating a requested access 1D, and the kiosk
service sending the generated access 1D back to the application 322 for use by the
application/customer to gain access to a kiosk, in other implementations, the access 1D or
amque identifier that is assoctated with the customer 330 or account of the customer may
already be known to the kiosk service 344 and accessible by the customer. In general, the
access 1D may be anything that is usable by the kiosk service 344 to unigquely identify the
customer 330 or an account associated with the customer. For example, the access ID may be
or include, but is not bonted to, a pass phrase or keyword that may be uitered by the
customer 330, biometrics {¢.g., fingerprints, palm scans, eic.) that may be provided by the
customer, a passive tag {e.g., barcode) and/or active tag {¢.g., RFID tag) that may be
presented by the customer, a keved input or series of keved ioputs that are provided by the

customer, facial recognition of the customer using various forms of image processing of an
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image of the customer, andio signature recognition of the customer using audio processing

techmiques, a unique identificr of the device 320, ¢tc.

100361 Regardless of how the access 1D is generated or obtaimed, when the customer
approaches a kiosk 300, such as kiosk 300-1, the access 1D is provided by the customer
and/or the application 322 exccuting on the device 320 to the kiosk 300-1 of the kiosk
service 344, as in 350-4. Prior to allowing access fo the interior of the kiosk, the kiosk

service verifies that the access D is valid, as in 350-6.

10040} In some mmplementations, validation of the access 1D may include the kiosk 300-1
that received the access 1D sending the received access 1D 1o the management scrvice 312
executing on the remaote compuier resources and the management service verifying that the
access 1D 1s valid and corresponds o an account and/or a customer. In other examples, an
access ID database may be maintained at or accessible by the kiosks 300 and the kiosk 300-1
that recerved the access 1D may query the database to verify that the access 1D is valid. In
still another example, the apphcation 322 executing on the device 320, when presented or
near a kiosk 300-1, may obtain an identifier of the kiosk 300-1 and provide the kiosk
wdentifier and access 1D corresponding o the customer/account to the remote computer
resources 310, via the network 303 for verification. The management service executing at the
remote computer resources may then venfy the aceess ID and kiosk and provide an access
granted notification back to kiosk 300-1 and/or the device 320 and the device may provide
the access granted notification to the kiosk. Such an example configuration may be
beneficial in instances when the kiosk docs not have network access or 1s otherwise unable to

communicate with the remote computer resources 310,

(0041} Turning now to FIG. 3B, upon venfication of the access 1D, a locking mechanism
of the door of the kiosk is disengaged such that the door may be moved from a closed
position to an apen position, thereby providing the customer 330 with access o inventory
itoms 307 contained within the housing of the kiosk 300-1, as in 350-7. In addition to
disengaging the locking mechanism, a session may be imtiated. A session, as discusse
herein, may be a period of time between disengagement of the locking mechanism and a door
close event in which it 1s detected that the door to the kiosk has been closed, thereby

prohibiting access to items within the mtenor of the kiosk,
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10042} As discussed further below, during a session, weight sensor data from cach of the
plurality of weight sensors included in the mterior of the kaosk 300 1s recorded and image

data gencrated by the imaging eloment(s) of the kiosk 15 recorded, as in 350-8 and 350-9.

100433 Upon discngagement of the locking mechanism, the cusiomer opens the door to
the kiosk thereby providing the customer with access to cach of the tterns contained within
the mterior of the kiosk, as i 358-10. Because the customer 330 has directed access to the
mventory items contained within the kiosk, the user may mteract with one or more of the
itoms, as 1o 350-11. For example, the customer may pick one or more tteros from difforent
shelves of the kiosks, place one or more items onfo one or more shelves of the kiosk, ete.
Fach mteraction with an ifem by the customer will result in weight sensor data changes
mdicative of the mteractions {¢.g., pick/place of an ttem} and image data representative of the
customer picking or placing of the items.  Rather than requiting selection and payment of an
item ncluded m the kiosk, like traditional systems, the weight sensor data and 1mage data s
recorded during the session and no fees or other charges are applied to the customer during
the session. In the illustrated cxample, the customer 330 has picked an item 307-1 from the

wterior of the housing of the kiosk 300-1.

0044} To complete a session, the customer closes the door, as in 350-12. At this pount,
the customer may simply move away from the kiosk 300-1 without having to perform any
additional interaction or payment for items picked from the kiosk, such as item 3071, as

in 350-13 {(FIG. 3().

00453 Referring to FIG. 3C, upon detection of the customer closing the door, a close
door event, the session is completed and cvents are determined, as 10 350-14. Event
determination 1s discussed m further detail below and may be performed at the kiosk 300-1,
at the remote computer resources 310, or at both the kiosk 300-1 and the remote computer
resources 310, As discussed below, event determination identifies items the customer
wieracted with and ultimately picked from the kiosk and retained in the possession of the

customer upon completion of the session {when the customer closed the door of the kiosgk).

0046} Based on the events determined for the session, the kiosk status is updated to
account for any mventory picked by the customer from the kiosk {or any tnventory placed by
the customer indo the kiosk, as m 350-13. In addition to updating the inventory status of the

kinsk, if rtems were misplaced withun the kiosk during the session and/or if misplaced items
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were returned to their proper argas within the kiosk, the status of shelves of the kiosk may be
apdated. For example, if the customer picks an ttem from a first area (¢.g., a first shelf) and
then returns the tiem 1o a second area that 1s different than the first area (¢.g., a second shelf)
that contains different ttem types of mventory ifems, the arca at which the 1tem was placed
may be updated to mdicate that the area includes mixed mventory rtem types. Likewise, if a
customer picks an item that was already in the wrong place {¢.g., on the wrong shelf with
other inventory Hem types) and retums the iterm to a proper arca within the kiosk, or retains
the ttem upon completion of the scssion, the area from which the item was picked, provided 1t
does not still contam other ttems of differing wventory item types, may be updated to indicate

that the area again only has a single inventory item type.

100473 in addition to updating the kiosk status, the account associated with the customer
1s also updated to ndicate items that the customer picked from the kiosk and retained after
completion of the session, such as items 307-1, as in 350-16. In some implementations, if the
customer returns an inventory item into the kiosk during a session, the account of the
customer may likewise be updated to account for the return. Updating of the customer
account may include, but is not hmuted to, associating the mventory item type(s) of the
mventory item{s) picked and retained by the customer, charging a fee fo the customer for
picked inventory ttems that were retained by the customer following completion of the
session, ¢ic. In some implementations, the customer account may also be updated to ndicate
other items with which the customer interacted but ultimately did not pick and retain from the
kiosk. Forexample, if the customer picked an inventory itom from a shelf of the kiosk and
subsequently returned the inventory tem to the shelf of the kiosk during the session, while
the customer did not retain the 1tem following completion of the session, the account of the

customer may be updated to indicate the mteraction with the item.

0048} Finally, in addition to updating the account of the customer, in some
mplementations, a notification, such as an email, text message, ¢ic., may be sent to the
customer to indicate or verify 1o the customer the items picked from the kiosk and retained by
the custoner following completion of the session {or returned wto the kiosk by the

customer), as m 350-17.

00491 FIGs. 4A through 41 illustrate an example kiosk process 400, in accordance with
described implementations. While the example process 400 describes that certain features of

the process 400 are performed at the kiosk and that certain other features are performed at the
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remote computer resources, 1n other implementations, features may be performed by other
aspects of the kiosk servige. For example, 1o some implementations, some or all of the
features may be performed at the kiosk. In other examples, some of the features illustrated n
FiGs. 4A through 4D as being performed by the kiosk may be performed at the remote

computer resources.

160501 The example process 400 begins with a kiosk receiving an access [0, for example
from a customer or a device of the customer, and providing that access ID to the remote
coraputer resourees, as in 404 and 406, As discussed above, the access {13 may be any of a
variety of identifiers that may be used by the kiosk service to uniquely identify the customer
and/or an account of the customer. For example, the access 1D may be generated by the
kiosk service, associated with an account of the customer, provided to an application
gxecuting on a device of the customer, and the kiosk may receive the access 1D from that
application executing on the device ot the customer. In another example, the customer may
provide the access 1D by placing or positioning their hand, finger, ctc., on or near a unigue
wdentifier sensor of the kiosk and the unigue dentifier sensor may detect the unique ID of the
customer {¢.g., customer biometrics). fn still other examples, as a customer approaches the
kiosk, one or more images of the customer may be obtained by an imaging element of the
kiosk and those images may be processed, for example using facial recogaition, to vaiquely

identify the cusiomer.

10051} Regardless of how or what type of access 1D i provided by the kiosk and/or the
reraote computer resources, the remote computer resources determine f the access 113 1s
valid, as in 408. For example, valid aceess IDs may be maintained 1o a data store accessible
by the remote computer resources and the remoie computer resources may query the data

store to verify that the access 1D is vahid. Other validation technigues may also be utilized.

10052] H it 1s determined that the access 1D 15 not valid, an access denied notification
may be sent from the remote computer resources to the kiosk and presented on a display of
the kiosk to mform the customer that the access [D was not valid and that access to the kiosk
cannot be provided, as in 409, In other implemeniations, the notification may be presented
on a display of a customer device of the customer. In some implomentations, the notification
presented by the kiosk/device may request that the user obtain a new access T, retry access,

provide a different access 1D, ctc.
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10053} if it 15 determined at decision block 408 that the access T1¥ i3 valid, a session for
the customer’s mieraction with the kiosk 1s imitiated, as in 410, and recording of weight
sensor data and 1meage data by cach of the pluraliy of weight sensors within the kiosk and the
imaging elements of the kiosk, respectively, 1s inifiated, as m 411, Likewise, the door of the
kiosk is unlocked, as in 412, For example, the kiosk upon receiving a notification that the
access 1D is valid, may initiate a session, start recording of weight sensor data and image
data, and send an instruction that causes a locking mechanism of the door of the kiosk to
disengage so that the door may be moved from a closed position, which prohibits customer
access to inventory items contained within the housing of the kiosk, to an open position,
which allows customer access to the inventory iems contained within the housing of

the kiosk.

00541 Upon unlocking of the door, the example process may continually monitor for a
door close event, indicative of the customer closing the door, therchy ending the customer’s
access to the mventory items contained within the housing of the kiosk, as m 414, Upon
detection of a door ¢lose event, the door is locked, as in 413, For example, a second
mstruction may be sent that causes the locking mechanism fo engage, thereby securning the
door in the closed position. In addition, recording of the weight sensor data and the image

data mav be terminated, as in 416, and the session may be ndicated as completed, as in 419.

[0055] Upon completion of a session, an event list deterounation process 500 is
performed to generate an event list that indicates ¢vents that occurred at the kiosk durning the
session (.3, ttom picks, item places). The event list determination process is discussed in

further detail below with respect to FiGs. 3A through 3B.

10056} Upon completion of the event list determination process 500, and refernng now to
FIG. 4B, a determination is made as to whether an event occurred at the kiosk, as in 420, As
will be appreciated, for some sessions it may be determined that no event occurred during the
session. For example, a customer may mifiate a session by opening a door to the kiosk and
then decide not to pick any ttems within the kiosk or pick and returm an item dunng the
session. 1t 1s determined that no gvents occurred darning the session, a session complete
notification 1S sent o the remote compuder resources, as in 422, Alternatively, or in addition
thereto, a notification may be sent 1o the customer to confirm to the customer that the session
between the customer and the kiosk has completed and that no events occurred during the

session. In another exampie, the remote computer resources, upon receipt of a session
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complete notification in which no events occurred, may send a notification to the customer to
confirm to the customer that the session 1s complete and that no event occurred during

the session.

100371 i 1t i determined that one or more events were detecied and mdicated on the
cvend list, a weight based ttem determination process 600 is performed in an cffort to wdentify
one or more items nvelved in each of the determined events. An example weight based item
determination process is discussed further below with respect to FIGs. 6A through 6B, As
discussed helow with respect to FiGs. 6A through 6B, it the weight based wtem detervunation
process is unable to identify the item{s) mvolved m an event, the event 19 indicated as an
unidentified event and indicated on an unidentified event list that is retormed from the

gxaraple process 600 to the example process 400,

00538} Upon completion of the example process 600, a determuination is made as to
whether any unidentified evenis arc indicated on the unidentified event list returned from the
example process 600, as in 424, H 1t is determined that one or more unidentiticd cvents
remain, event images for each of the unidentified events are determined, as in 426. For
gxaraple, images generated just prior to an occurrence of cach unidentified event, images
generating durng cach umidentificd event, and/or images generated just following (post) the
occurrence of the event may be determined as event images for cach umdentified. For
example, n some implementations, an event may be defined as a start time at which a weight
change s nitially detected by a weight sensor and a stop time at which the weight change
detected by the weight sensor bas stabilized. For example, if the weight scnsors is generating
three-hundred weight sensor readings per second, a start time of the event may begin when
the weight sensor first detects a change in weight. For example, when a user grabs an ftem
sitting oo a shelf or tray and resting upon the weight scnsor, the weight seusor may measurc a
change m a weight resulting from the change n pressure applied by the item {o the sensor
{c.g., an morease or decrease in weight resulting from the user grabbing the item), thereby
indicating an cvent start time. The weight sensor data may then continue to change fora few
seconds as the user grasps and uliimately picks the item from the arca. Once the ttero has
been completely removed from the area, the weight sensor readings will stabilize (1., stop
changing), thereby indicating a stop time of the event. In such an example, mmages just prior
to the start time of the event, images generated between the start ime and stop time of the

gvent, and/or tmages following the stop time of the event may be selected as event images for
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the event. Such image selection may be performed for cach unidentified event indicated on

the unidentified event list.

30591 In addition, event data may be generated for each unidentified event, as in 428,
Event data may tnclude, but is not limited to, event images, weight changes deternuned for an
cvent from weight sensor data, candidate ttems and/or potential wems that may be the item(s})
mvolved in the gvent, the event action, ctc. As discussed further below, dunng the event hist
determination process 500, a weight change for the event and an event action {pick, place) of
the gvent may be determuned for cach event. Likewise, as part of the weight based ttem
determination process, one or more candidate items may be determined for an unidentified
event. Likewise, during the image based item determimation process, one or more potential
tems may be determined for an event that is to undergo a manual review. As used herein,
candidate ttems and potential tems both refer to indications of tems that may be mvolved in
an event. The only distinction between candidate items and potential ilems s the
termnology used to distinguish between determmation of the ttems as part of the weight
based ttem identification process {candidate tom) and determination of the items ag part of
the image based item wlentification process {potential toms). As such, candidate tferns and
potential items may be used heren interchangeably to reference one or more items that may

have been involved in an event.

160601 Returning to FIG. 4B, after gencrating event data for umdentified events or if it is
determined at decision block 424 that there are no umidentified events indicated on the
unidentificd event hist returned from the example process 300, session data for the session is
generated, as m 430, Session data may mcelude, but is not hmited to, the unidentified event
fist, an rtem pick hist {discussed below), information regarding complated events, event

data, ete.

(0061} Upon generation of the session data, a determunation is made as to whether
network access 1s available, as in 432, If it is determined that network access 15 not available,
the example process 400 may remain at decision block 437 until network access becomes
available. In some implementations, while the network is anavailable and/or at any other
point during the example process 400 following completion of a session, the example

process 400 may be restarted at a kiosk. For example, upon completion of a session by a
customer, 1f the kiosk receives a second access 1D from a different customer {or the same or

different access 1D from the same cusiomer), another nstance of the example process 400
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may begin and a new session established corresponding to that second access 1D and access
to the kiosk established. Such additional session establishment may begin even though the

example process 400 has not yet completed for the nitial session.

100623 Referring to FIG. 4C, upon determination that a network is accessible at decision
block 432, the session data is provided from the kiosk to the remote computer tesources, as
i 434 and 436. The remote computer resources, upon receipt of the session data, determines
if ong or more unidentified events are mndicated in an unidentified events hist included in the

scssion data. as in 438,

0063 i 1t 15 determined that one or more unidentified events are mdicated 1o the
widentified events hist, the tmage based ttern determmation process 700 is performed. An
example image based em determination process is discussed in further detail below with

respect to FIG. 7.

100641 Upon completion of the image based item determination process 700, a
determination 1s made as to whether any events are indicated on the manual review event list
that arc to be manually venfied, as in 440, As discussed below, if an action of an eveunt or an
item mvolved in the event cannot be verified by the weight based item determination

~
H

process 600 or the image based ttem determination process 700, the event 18 indicated on a

manually vertfy events list.

00653 i 1t 15 determined that one or more events are indicated on the manually verify
cvent list, the manually venfy item determination process 960 is performed. An exanple

manually venify item determination process 18 discussed further below with respect to FIG. 9,

0066} Upon completion of the manually venfy item determination process 900, if it 1s
determined at decision block 440 that no events were indicated in the manually verfy events
fist, or if 1t 1s determuned at decision block 438 that no umidentified events were included in
the umidentified event list, a deternunation 18 made as to whether an wventory change
oceurred during the session, as in 442, For example, the completed events may be compared,
along with the item pick hist, to determune if ong or more ttems were picked from the kiosk
during a session and retained by the customer following completion of the session. If onc or
more ems are deternined to have been picked and retained by the customer following
completion of the event, 1t may be determined that an inventory change occurred during the

scgsion. In comparison, if a pick of a first item cecurred during the session and a subsequent
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place of that same first tiem also occurred during the session, it may be deternuned that an
mventory change did not occur for that time, because the two events cancel out and the ttem
remaing in the kiosk following the session. As another example, if the kiosk accepts returns
and it 1s determined that a customer has placed a new item into the kiosk, 1t may be

determined that an inventory change occurred during the session.

(00671 it s determined that an inventory change did occur during the session, kiosk
mventory change imformation is generated, as in 446 (FIG. 4D}, After generating the
mventory change nformation, or if it 1s determined at decision block 442 that an inventory
change did not oceur, a determination is made as to whether a kiosk area status change
oecurred during the session, as in 448, Independent of whether an inventory change
oocurred, a kiosk arga status change may occur during a session. For example, and as
discussed above, a kiosk may be segmented mio a plurality of arcas, with cach arca
associated with a single weight sensor, a single inventory item type, and configured to store
one or more items of that ttem type. For example, each arca may inclede a permanent or
remnovable tray onto which ttems of a same ttem type are intended to be stored and available
to customers of the kiosk. However, because a customer of the kiosk has access to multiple
ttems during a session, the customer may pick an item of a first tem type from a first arca
within the kiosk but then place that same item at a second area within the kiosk, such as a
second arca that is associated with and micnded 1o hold nventory items of a second item type
that 1s different than the first tem type. In such an example, the status of the second area

may change from a single inventory item type status o a mixed inventory item type staius,

100681 After gencrating area status information at block 450, or if it 18 determined at
decision block 448 that an area status did not change during the session, it may also be
determined if a kiosk arca inventory change for an area within the kiosk occurred during the
session, as in 452, In many mstances, the area inventory change may correspond o a kiosk
mventory change, for example when a user picks and retains an item, both the kiosk
mventory and the kiosk arga inventory will change. However, in somg mnstances the area
mventory of one or more arcas within the kiosk may change without the overall kiosk
mventory changing. For example, it as discussed above, a customer picks a first ttem from a
first arca and then places that same item into a second area durning a session, the area
mventory for both the first area and the second area will change even though the overall kiosk

mventory remains unchanged with respect to those cvents and the session. In particular, the
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area inventory for the first arca will be decremented to reflect the pick of that item from the
first arca and the arca inventory for the second area will be meremented to reflect the place of
that item at the second arca. H, as discussed above, the wtem type of the item and the tem
type associated with the area are different, such a movement of the item will result 1n both the
arca status of the sceond area changing and the area inventory for the second area changing.
In comparison, if the item type of the imventory item placed into the second area is the same
as the ttem type associated with the second area (¢.g., both the first area and the second arca
are associated with the same tem type}, while the area inventory for both the first area and
the second area will be updated in response to the movement of the item from the first area to
the second area, the status of the two arcas will remain unchanged in response to

those events.

00691 As still another exarnple, a first arca roay have a muxed itern status resulting from
an item of a first item tvpe being placed in the first area during a first session if the first area
i3 associated with a second item type that 1s differont than the first item type. I during a
second sossion, a customer picks the first ifem from the first area and places the tem into a
second arca that is associated with the first rtem type, such events of a movement of the e
mayv result i both the arca inventory for the first area being decremented and the area
mventory for the second arca being incremented, as well as the status of the first area
changing from a roixed status back to a single ttem tvpe status, provided there are no other
items 1n the fivst area that have an 1tem type other than the second item type associated with

the first area.

(00701 it 1s determined at decision block 452 that there 1s a kiosk area mventory
change, kiosk area inventory change information is generated, as in 454, Ag discussed, the
kiosk area jnventory change mformation may indicate, for one or more arcas, if the area has
changed from a single inventory item type to a mixed mventory item tvpe or from a mixed

mventory ttem type o a single mventory tem type.

{0071} After generating kiosk area inventory change information or 1f it 15 determined at
decision block 432 that no kiocsk area inventory changes occurred, inventory change
mformation, area status change information, and/or kiosk area inventory change information
may be provided from the remote computer resources to the kiosk, as in 436 and 4538, While
the above example indicates that mventory change mformation, area status information, and

area inventory change information are sent from the remote computer resources to the kiosk,
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i other implementations, mventory change information, area status mformation, and/or
mventory area change information that can be determined from aspeets of the example
process 400 performed on the kiosk may be deternined at the kiosk and provided to the

computer resources as part of the process 460,

16072 Finally, the example process 400 may also update the account associated with the
customer identificd for the session to ndicate any inventory tiems picked and retneved by the
customer and/or other events/actions performed by the customer during the session, as in 462,
Likewise, the area status, kiosk mventory, and/or kiosk arca inventory matntained at the kiosk
may also be updated, as in 460. As discussed further below, as all events determined fora
session are processed and considered collectively it will be determined which ftems a
customer picked and ultimately retained after completion of the session. In particular, itoms
still indicated on the rtem pick list after all evenis have been processed correspond to ttems
picked and retained by the customer after completion of the session. In comparison, ifems
picked during the seesion and subsequently placed back into the kosk will bg removed from

the item pick list and therefor will not result in the customer beoing charged for those items.

10073] FiGs. 5A through 5B illostrate an example event list determination process 300, i

accordance with described implementations.

10074} The example process 500 begins by obtaining weight sensor data recorded by cach

of the plurality of weight sensors of a kiosk during a session at the kiosk, as in S01.

[0075] The obtained weight sensor data is then processed to determine an event start,
which is mdicated by a change in a weight sensor data recorded by a weight sensor during the
session, as i 502, As discussed above, sach weight sensor may generate weight sensor daia
during a session. Each weight sensor data generated during the session may be compared
with a previous weight sensor data to determine i a change 1o the weight sensor data has
been detected. A detected weight change may be indicative of an event. In some
implementations, a change in weight sensor data may be any measurable change (¢ g., one
gram or morc}. In other implementations, a change i weight sensor data may only be

detected if the change exceeds athreshold, ¢.g., three grams.

10076} Upon detection of an event start, a weight at the weight sensor just prior to the
event start 1s obtained and utilized as the event start weight, asin 304, The weight sensor

data is further processed to determine an event end of the event, as i 506, Ag discussed
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above, upon occurrence of an event, such as an item pick or an item place, the measured
weight sensor data will vary between adjacent weight sensor data readings until the event is
coraplete (e .g., the e is finally rermoved from the area or placed and released at the area)
and the weight sensor data stabilizes. Stabihization of weight sensor data may be determmed,
for exarnple, in response a defined mumber of weight sensor data readings remaining
unchanged following an event start. Stabilization of weight sensor data readings fora
defined number of readings (e g, twenty) may be indicative of an event end. Upon
determination of an event end, an event end weight 1s determined as the weight measured at

the weight sensor at the event end, as in 507,

100771 The event start weight and the event end weight may then be compared to
deternmine if any weight change is detected, as 10 308, if the event start weight and the event
end weight match, # may be determined that no event occurred, as in 312, Sucha
determination may result from vibrations {e.g., cars passing by the kiosk, earthquakes, lgh
winds, etc.) tmparted upon the kiosk that cause temporary changes in weight sensor data
readings. However. if any weight change is detected between the event start weight and the
event end weight, a determination is made as to whether the weight change exceeds a

difference threshold for the weight sensor, as in 514,

(0078} The difference threshold may be any minimum weight change between an event
start wetght and an event stop weight (discussed below) that must be excecded before an
cvent is determined. o some implementations, the difference threshold may vary for
different weight scusors of a kiosk. For example, a fust weight sensor assoctated with a furst
tiem type having a first average item weight may have a difference threshold that s different
than a second weight sensor associated with a sccond item type having a second average item
weight that 15 different than the first average tem weight. For example, if the first average
item weight 1s 47 grams {e.g., average weight for a pack of gum) and the second average item
weight is 382 grams (e.g., average weight for a 12 cunce can of soda), the difference
threshold for the two different weight sensors may be different. For example, the difference
threshold for the first weight sensor that 1s associated with the first tfem tvpe may need to be
much lower {¢.g., two grams} than the difference threshold for the second weight sensor,
which could be set muach higher (2.g., 10 grams} because of the difference in the average item
weights bebtween the two item types. In other implementations, the difference threshold may

bhe the samce for all weight sensors of a kiosk. In still other examples, the difference threshold
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may be zero for some or all of the weight sensors of a kiosk, resulting in any change in
weight between an event start weight and an event end weight resalting in a deternunation of

an event.

100791 i it 15 determined that the weight change does not excead the difference threshold
for the weight sensor, it is determuned that no event occurred, as in 512, Such a change may
be indicative of dust or other small debris being deposited at the area of the weight sensor. It
it 1s determuned that the weight change does exceed the difference threshold, an event is
defined and a detcrmunation 1s made as to whether the event 1s an tfem pick, as m 514, An
ttem pick may be determined if the cvent start weight 18 greater than the event end weight. If
it is determined that the event was not an ttem pick, the event s indicated on the event hist as
an item place, as in 516, it is determined that the event is an item pick, the cvent is

rdicated on the ovent list as an ttern pick, as m 518

00801 Turning now to FIG. 5B, after indicating the event on the event hist (block 516

or 518}, or after determining that an event did not occur (block 512), a determunation is made
as to whether additional events are indicated m the weight sensor data, as in 320 (FIG. 3B}
If it is determuned that additional events are indicated in the weight sensor data, the example
process 300 returns to block 502 (FIG. 5A) and continugs. However, if it 15 determined that
no additional evenis are indicated in the weight sensor data, a determination may be made as
to whether events indicated in the event list that are from the same weight sensor and adjacent
in time result in a net zero weight change, as in 522, For example, if a customer picks in item
from an arca of a sensor, a fust gvent at a first time, and then places the same item back mto
the area of the sensor, a second event at a second time, 1t may be determined that those two
gvents, are from the same weight sensor, adjacent in time, and resuft in a net zero weight
change. Ifit is determined that two events from a samne weight sensor that are adjacent in
ume and result in a net zero weight change, the adjacent events may be removed from the

cvent list, as in 524,

(00811 Finally, after removing any adjacent events from a same sensor that result m a net
zevo weight change, or if i 1s determined at decision block 522 that there are no two events
on the ovent list from the same weight sensor that are adjacent in timae and result in a net zero

weight change, the cvent list 18 returned and the example process 500 completes, as in 526.
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10082} The event hist generated and returned by the example process 500 may indicate,
for cach event on the event list, a weight sensor at which the event was detected, an event
start fime, an event end time, an evend start weight, an event end weight, an event weight

change, and/or an event action {¢.g., pick, place).

100831 FIGs. 6A through 5B illustrate an exaraple weight based tern determunation

process 600, in accordance with described implementations.

100841 The example process 600 begins upon receipt of the event list generated from the

example process 500, discussed above, as in 602,

00851 Upon receipt of the event list, a determination 1s made as to whether a first or next
cvent on the event st 1 an item pick, as m 604, Ef it 18 determined that the event 1S an item
pick, a determination is made as to whether the event weight change forthe event is within a
range of a multipie of the average wventory tem weight associated with the weight sensor at
which the event was detected, as n 606, As discussed above, in some implementations, each
arca and corresponding weight sensor may be associated with a single inventory item type
and an average nventory weight may be maindaived for that item type. In other
mmplementations, an area and corresponding weight sensor may be associated with multiple
different item types, with each e tvpe having a corresponding average item weight.
Likewise, cach item type may have a range {¢.g., vanability, deviation, ¢tc.} within which
mdividual tteras of the ttem type may weigh. In some mplementations, the range of
acceptable weights for an itern type may be different for different item types. For example,
soda cans from producer A {an tiem type) may be very uniform in weight and thus have a
small range around the average item weight. In compartson, small bags of ¢hips from
producer B (an item type) may have a large variability in mdividual weights (large deviation

from the mean) and as a reselt may have a larger range.

[(086] it 1s determined that the event weight change 15 not within a range of a multiple
of the average inventory weight associated with the weight sensor, the evend is added to an
widentified event list, indicating that the ttem 1mvolved in the event canvot be determined

from the weight sensor data without additional processing, as in 608,

100871 it 1s determined that that event weight change i1s within a range of a multiple of
the average inventory iem weight associated with the weight sensor, the item tvpe having the

average inventory ttem weight and associated with the weight sensor is added to an item pick
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list or a count of that item type 1s meremented on the itom pick list associated with the
customer and/or the session, as in 614, Item types indicated on the tem pick list are
ndicative of items picked from the kiosk during the session. An item pick list may identify,
among other miormation, one or more of, a count of tems of each em tvpe determined to
have been picked from a kiosk during a session, the weight of each of those items, as
deternuned based on the ¢vent weight change when the item was picked, the area from which

the item was picked, etc.

0088} For example, 1f it 1s determined that the event weight change is within a range of a
multiple of ifem type A, item type A may be added to the item pack list, or a count of items of
ttem type A indicated on the ttom pick list may be incremented in accordance with the
multiple. For example, if it is determined that the event weight change is a single multiple of
the average inventory weight maintained for item type A, the ttem pick hist is updated to
mdicate that one ttem of item type A has been picked from the kiosk during the session. As
another example, 1if the mudtiple 1s two, the item pick hist is updated to indicate that two tems

of item type A have been picked from the kiosk during the segsion.

00897 In addition to adding the item type and count to the ttom pick list, the kiosk
mventory list and the kiosk arca mventory hist for the area from which the ttem(s) were
picked are decremented to reflect the pick ot the item(s) from the kiosk, as in 616, In
addition to updating the inventory lists, the event may be indicated as complete because both
the event action {(an item pick) and the tem{s} involved in the event have been determined, as

m 618,

100901 Afier completing the event, or f the event is added to the urudentified cverd list in
block 608, a determination is made as to whether additional events are indicated on the event
hist, as in 610, H it is determined that additional events are indicated on the event list, the
example process 600 returns to block 604 and continues. it is determined that there are no
additional events indicated on the event list, the umdentified event list is retumed and the

example process 600 completes, as m 612,

10091} Returning to decision block 604, 1f it is determuned that the event 15 not an item
pick (i.c., the event is an item place}, a determination is made as to whether a weight of an
ftem or combination of ttems indicated on the ttem pick list match the event weight change

determined for the event, as in 620 (FIG. 6B). I 1t 15 determined that the event weight
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change does not match a weight of an 1tem or combination of 1tems on the event pick hist, the
event is added to the wnidentified event list, as in 622, In some tmplementations, the event
weight change and the tiern weight of an item or combination of items indicated on the Hem
pick list must match exactly before it i1s determined that the ttem weights maich. In other
mmplementations, the event weight change and the ttem weight of an ttem or combination of
rems indicated on the item pick list must be within a defingd range (o.g., 1 gram) before they

are determined to match in weight.

100921 it is determined that the event weight change does maich a weight of an ttem or
combination of items mdicated on the tem pick list, a determination is made as to whether a
verification 18 to be made with respect to the item involved o the event and the ttem{s}
mdicated on the item pick list as having the same item weights as the cvent item weight, as
m 624, it is determuned that the ttem{s) are to be verified, the event 15 added to the
umdentified event hist, as in 626, and candidate items for the event may also be indicated, as
i 628, In particular, the candidate items may be the item or combination of items indicated

on the ftem pick list as having the same weight as the event weight change.

00931 Returning to decision block 624, if it is determined that the item{s) are not to be
verified, the ftem count for the tiem or combination of ttems 1s decremented on the wem pick
hist to reflect the place of the tem or combination of items to an area within the kiosk, as

i 630, Likewise, the item count for the item or combination of items is incremented on both
the kiosk mnventory kst and the kiosk area inventory list to reflect the place of the nem{s) at
the arca within the kiosk, as in 632, In addition, the event may be mdicated as complete, as

m 634,

00941 After updating the inventory lists, a determination 1s made as fo whether the
tem{s) determined to be placed at the area within the kiosk correspond to the ttem tvpe or
fem types associated with the arca, as in 636, If it is determined that the item(s) determined
to be placed at the arca within the kiosk do not correspond to the item type(s) associated with
the area, the arca status is updated o mndicate that the area has mixed mventory ifem types, as

i 638,

6095} Finally, after indicating the status of the area as mixed {(block 638}, after adding
the event to the unidentified ovent list {block 622}, after indicating one or more candidate

items {block 628}, orif it is determined at decision block 636 that the item type of the item(s)
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determined to have been placed at the inventory area correspond fo the item type(s)
associated with the mventory area, the example process 600 returng to decision block 618

{FIG. 6A) and continues, as discussed above,

00963 FiGs. 7A through 7B illastrate an oxample image based item determination

process 700, in accordance with descrnibed implementations.

10097} The example process 700 may be performed with respect to events that were not
able to be completely determined through the weight based itern determumnation process 600,
discussed above. Accordingly, the image based item determination process beging spon
receipt of an unidentified event list generated by the weight based item determination

process, as in 702,

10098 ] For a first or next event indicated 1o the vnidentified event fist, event images are
processed to detect potential items mvolved in the event, as in 704, Image processing may
use any of a variety of image processing technigues inchuding, but not hmited to, object
detection, edge detection, gray scale image analysis, tc. In some implementations, because
the mventory items contained in the kiosk arc known, one or more tmage processing
techmques may be performed that attempt to match an object detected 1n one or more event
mmages with a stored image of an object known to be contained within the kicsk. In some
cexamples, a machine leaming model may be trained using input images of inventory iems
cordained within the kiosk and the one or more event umages of an unidentified event may be
processed by the trained machine learming model in an effort to identify an item mvolved in
the event. Additionally, as discussed further below, feedback from the mamual venify item
determination process (FIG. 9) may be used to continue training and improving the tom

recognition of an example maching leaming model that processes event images.

0099} As discussed above, the tmaging element of the kiosk may be positioned above
the door of the kiosk and onented to obtain images just forward of the kiosk that would
mclude a customer 830 and any ttems picked or placed by the customer, but not inclade
representations of teras that remain in the kiosk. For example, FIGs. 8A and 88 dlustrate an
example prior event image 310 (FIG. 8A) and post event image 320 (FIG. 8B) generated with

an imaging component of a kiosk, in accordance with described implementations.

[(500] As illustrated, based on the position and onigntating of the imaging element, the

ficld of view of the imaging clement is down and in front of the kiosk such that images of a
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hand 831 of a customer 830 reaching into and out of the kiosk are captured by the imaging
clement. Likewise, as tHustrated in the post event image 820, the image includes a
representation of an e 807 picked by the customer that the customer s reraoving from the
kiosk. By positioning the imaging element downward and forward of the kiosk, as
tustrated, images of an item held in a hand of a customer can be captured without also
mcluding images of items that remain on a shelf within the kiosk, thereby simplifying image
processing and ncreasing the accuracy of item detection from the image processing, because

the iem(s) involved in the event are the only item{s) represented in the images.

(0101} Image processing may identify one or more potential items that are involved n the
gvent. Based on the orientation of the itom when capiured in the image, the position of the
user, ¢ic., a single item may not be discernable from the image processing. For example,
reforring to the itom 807 dlustrated n FIG. 8B, the image processing may be able o identify
that the item s a can of soda. However, if the kiosk includes inventory of multiple different
types of cans of soda, sach as soda cans from producer A and soda cans from producer B, the
image processing may only be able o ideuntify potential tems of inventory corresponding to
those different types of soda cans. In other examples, multiple event images before, during,
and/or after the event may be processed and the results combined in an effort to narrow or

specifically identifv an item represented in the mnage.

16102} Returning to FIG. 74, a determunation may also be made as to whether the ttem 15
an ttem pick, as m 706, As discussed above, the event kst and/or event data for the event
may indicate based on the event weight change whether the event is an item pick or an

ttem place.

(0103} it 15 deternuned that the event is an item pick, a determination is made as o
whether the potential image(s} determined from the image processing correspond to an
mventory tem type associated with the arca/weight sensor at which the event occurred, as
mn 708, It it is determined that ove of the potential tieras determined from the 1mage
processing correspond o an ifem type associated with the area/weight sensor at which the
event occurred, a determination may be made as to whether the match between the potential

ttem and the item type corresponding to the area is to be verified, as in 710

10104] Returning to decision bock 706, if 1t 15 determined that the event is not an item

pick (i.c., the event is an itom place), a determination is made as to whether a potential
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item{s) determined from the image processing matches a candidate iiem determined from the
example process 500 and/or if a potential item{s) matches an ttem mdicated on the item pick

list for the session, as in 712,

(01033 i 1t 15 determined at decision clock 710 that the potential item(s} is to be verified
o1 if it 1s deternuned at decision block 712 that the potential ttem(s) does not match any of the
candidate items and/or an item(s) on the item pick hist, the potential tem{s) from the image
processing is indicated, as in 714, and the event is added to a manual verify event list, as

mn 716, Likewise, if it is deternuned at decision block 708 that the potential stem(s)
determined from the image processing do not correspond to mventory items associated with
the area at which the event occurred, the event is added to the manual venify event bist, as

in 716,

[0106] I it 1 determuned at decision block 712 that the potential item(s) determuned from
the 1image processing match a candidate tem(s} and/or an tems(s) on the item pick list, the
item count of the item is decromented on the item pick list to indicate that the item(s} has
been placed back into the kiosk, as in 718 (FIG. 7B}, Likewise, the ifem count of the tem on
the kiosk wnventory list and the kiosk arca inventory list is incremented o indicate that the
ttem has been placed back into the kiosk, as 1n 720, In addition, the event may be indicated

as complete, as in 722,

101071 In addition, a deternunation 13 made as to whether the iiemds) determined to have
been placed back to an area within the kiosk are of an 1tem type associated with the area, as

724, i it is determined that the items are not of the item type corresponding to the area at
which the event occurred, the arca status is updated to indicate that the area has a mixed item

type inventory, as in 726.

[0108] Returmning to decision block 710, if it is determined that the potential items
mvolved in the tem pick do not need to be verified, the stem pick hist may be incremented to
mdicate that an item{s) of the em type determined for the ovent has been picked from the
kiosk, as in 732. Likewise, the kiosk inventory list and the kiosk arca ioventory list for the
area at which the event occurred may be decremented to indicate that the ttem(s) of the
determined item type have been picked from the area within the kiosk, as in 734, Likewise,

the event may be indicated as compiete, as in 736.
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[0109] After indicating the event as complete at block 736, indicating the area status as a
mixed arca at block 726, aficr adding the event to the manual verify event list at block 716, or
if it is determined at decision block 724 that the item(s) corresponds 1o siemds) associated
with the arca at which the event occurred, a determination 1s made as to whether additional
unidentificd events are indicated on the umdentified event list, as in 728, If it is determuned
that additional umidentified events remain on the event list, the example process 700 returns
1o block 704 and continues, as discussed above. If & 1s deternuned that no unidentificd cvents
remain for processing, the manual venify list 1s retumed and the example process 700
completes, as in 730, The manual verify list may indication, among other information, one or
more of events for which an tfem has not beon identificd, the action type of the event, an area

at which the event occurred, eic.

[0HL0] FIGs. 9A through 98 illustrate an exarople manual verdy ttero determmation

process 900, in accordance with described implementations.

LRRY The cxamplc process mav be performed for any events for which the item could
not be determined by the weight based temn determination process 600 or the image based
tem determination process 700, discussed above. The example process 700 begins upon
receipt of the manual venfy event st generated from the example process 700, as in 902,
For a first or next event indicated on the manual verity event list, the event data, such as the
event weight change, event images, candidate/potential items, kiosk area at which the event
ocourred, eic., is provided to one or more agents for manual review and wdentification of the

cvent, as 1 904,

[0112] Afier the event information is provided for manual roview, a manual identification
of the iem(s} involved 1 the event are received back from an agent that performed the
manual venfication, as n 906, In some mmplementations, the results from the manual review
may be used as labels for the event images, which may be provided as feedback to further
HOPIOVE OnC OF 100TS 1mage processing techrniques utilized by the exanmple image based item
determination process, as in 907, For example, if the example image based item

~
H

determination process 700 utilizes 3 machine leaming model to process event images, the
ovent images and the resukis from the manual review, in particular the identity of the item
represented 1o the event images, may be used as feedback to continually train and improve

the image processing performed by the machine learmnine model.
) fel J &
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[01131 Returning to FIG. 9A, a deternunation may also be made as to whether the event
is an item pick, as in 908, 1t 1s determined that the cvent 1s an item pick, a count of the ttem
determined to be picked from the arca within the kiosk 1s meremented on the iten pick hist
for the session, as in 910 (FIG. 9B). Likewise, the item count for the item ndicated on the
kiosk inventory list and the kiosk area mventory list 1s decremented to tndicate that the
rem({s} was picked from the area of the kiosk, as in 912, Finally, the event is indicated as

complete, as in 914,

10114} it is determined at decision block 908 that the event is not an stem pick (i.e., the
event s an item place), the item count for the tem{s} 1s decremented on the item pick list to
mdicate that the item has been placed back mto the arca of the kiosk, as in 916, Likewise, the
kiosk inventory list and the kiosk area inventory list for the area at which the event occurred
arc incremented to indicate that the item bas been placed at the area within the kiosk, as

m 918, In addition, the event may be indicated as complete, as n 920

[0115] A determination is also made as to whether the item placed at the arca 1o the kiosk
1s of an item type that corresponds to the item type associated with the area, as in 922, Ifitis
deternuned that the itemi{s) determined to be placed at the area in the kiosk do not correspond
1o the ttem type(s) associated with the arca, the status of the arca is updated to indicate that
the area includes mixed ttem types, as in 924, If it 1s determined at decision block 922 that
the item type of the item{s) deternmined to have been placed at the area correspond o the item
type(s) associated with the arca or after the ¢vent is indicated as complete at block 914, a
determination i1s made as to whether additional events remain on the manual verify event hist
for verification, as in 926, I it1s deternnned that events remain on the manual venify event
fist, the example process 900 returns to block 904 (FIG. 9A) and continues, as discussed
above. If it is determined that no events remain for manual verification, the example

process 900 completes, as in 928,

101164 In some implernentations, as part of the manual verity tem deterounation

process 9200 and/or as part of the example image based item determination process 700, event
tmages may also be processed to identify any potential problems with the kiosk {e.g.,
clectrical problems, mechanical problems). Likewise, as part of the weight based item
determination process 600, the mmage based tem deternunation process 700, and/or the
example manual venify ftem determination process 900, the weight sensor data may be

analyzed to determine any potential problems with the kiosks. For example, image data may
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be processed to determine any potential lighting fatlures of hights within the kiosk, leaking or
broken inventory items, dirty traysfareas, dust, etc. As another example, weight sensor data
may be cvaluated alone or 1o combination with tmage data to determing if one or more weight
sensors are potentially fahing or have failed. For example, 1f a weight sengor generates
weight change data at various times when there 1s no event and/or no session in progress,
comparison of the weight change data along with image data to vertfy that no ovent occurred,

may be wndicative of a weight sensor problern/fatlure.

(01171 FIG. 10 15 a block diagram concepmally tllustrating components of a kiosk 1000,
mn accordance with described implementations. FIG. 11 18 a block diagram conceptually
tHustrating example components of a remote computer resource, such as a remote server 1120
that may be included as part of a kiosk service, as discussed above. In operation, each of
these dovices {or groups of devices) may include computer-readable and computer-executable
mstructions that reside on the respective device (1000/1120), as will be discussed

further below.

{118} Each of these devices (1000/1120) may mclude one or more controllers/processors
{1028/1104), that may cach include a central processing untt {CPU)Y for processing data and
computer-readable instructions, and a memory (1030/1106) for storing data and instructions
of the respective device. The memories (1030/1 106} may individually melude volatile
random access memory {(RAM), non-volatile read only memory (ROM}, non-volatile
magunetoresistive {(MRAM) and/or other types of memory. Each device may also include a
data storage componeut (1011/1108), for stoning data, controller/processor-executable
mstructions, kiosk inventory lists, kiosk area inventory lists, even lists, event data, inventory
lavouts, session data, ote. Each data storage component may mdividually mehide one or
more non-volatile storage types such as magnetic storage, optical storage, solid-state storage,
cte. Each device may also be connected to removable or external non-volatile memory
and/or storage {such as a removable memory card, memory key dnive, networked storage,

ctc ) through respective mput/output device interfaces (1030/1132),

[0119] Computer instructions for operating each device {10060/1120) and s various
components may be oxecuted by the respective device’s controlier{s)/provessor(s)
{1028/1104), using the memory (1030/1106) as temaporary “working” storage at runtime. A
device s computer mstructions may be stored m a non-transttory manner in non-volatile

memory {1030/1106}, storage (101171108}, or an external device(s). Alternatively, some or
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all of the executable mstructions may be embedded in hardware or firmware on the respective

device in addition o or mnstead of software.

{01201 Fach device (1000/1120) includes input/output device interfaces (1050/1132). A
variety of components may be connected through the input/output device mterfaces.
Additionally, each device (1000/1120) may mclude an address/data bus (1025/1124) for
conveying data among components of the respective device. Each component within a
device (1000/1128) may also be directly connected to other components in addition to {or

mstead of) being connected to other components across the bus {(1025/1124).

(012143 Referring to the kiosk 1000 of FIG. 10, the kiosk 1000 may include mput/output
device tderfaces 1030 that connect to a variety of components. For example, the kiosk 1000
may include a vaniety of umique 1dentifier sensors 1031, such as a keypad 1002, display 1022,
such as a touch-based display, scanner 1020, such as a biometric scanner, speaker 1018,

microphone 1016, credit card reader 1014, cic.

(0122 As discussed above, the kiosk 1000 may also include door locks 1012, also
referred to herein as door locking mechanisms, that may be selectively cngaged or
disengaged to secure or release a door of the kiosk 1000, Other input/output devices may
also be included on the kissk. For example, n addition to the devices illustrated, the kiosk
may include lights, sirens, temperature sensors, motion sensors, ¢tc. In addition, the

kiosk 1000 may include a plurality of weight sensors 1004 that measure weight sensor data at
various areas within the kiosk during a session, as well as one or more imaging elements or

cameras 1008 that generate and record image data during a session.

[0123] The device may also include a network interface 1010, such as an antenna and/or
a wired network connection. Any form of wired and/or wircless communication may be
utilized to facilitate communication between the kiosk 1000 and other devices, such as a
customer device and/or remote computer resources. For example, any one or more

of 802.15 4 (ZIGBEE), 802 11 (WI-FI}, 0216 (WiMAX), BLUETOOTH, Z-WAVE, near
field commumication ("'NFC™), etc., may be used to comnumcate between the device 1000
and one or more other devices. For example, via the antenna(s), the kiosk 1000 may connect
to one or more networks via a wireless local arca network (WLAN) (sach as Wi-Fi} radio,
Bluctooth, and/or wircless network radio, such as a radio capable of communication with 3

wirgless commumication network such as a Long-Term Evolution (LTE) network, WiMAX
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network, 3G network, 5G network, eic. A wired connection such as Ethernet mayv also be

sapported.

101241 In some mmplementations, the kiosk may also melude a power supply 1026 such as
a battery and/or solar power that may be operable to maintain operation of the kiosk 1000 in

the event of a power failure.

[0125] The components of the kiosk 1000 and server 1120, as dlustrated m FIGS. 10
and 11, are exemplary, and may be located as a stand-alone device or may be included,
whole or m part, as a component of a larger device, system, or service, such as the kiosk

service discussed herein.

[0126] Implementations disclosed herem may include an apparatus that includes an mput
component configured to monitor for uwnique identifiers, a housing that includes an interior
arca, at least one shelf mcluded in the interior arca of the housing, a first weight sensorat a
first position on the at least one shelf and corresponding to a first area of the shelt, the first
weight sensor operable to measure a total weight of one or more first items of a first item type
at the first arca, a door movable between a closed position that prohibits access to the inferior
area of the housing and an open position that enables access to the iterior area of the
housing, one or more processors, and a memory storing program instructions. The program
mstructions, when executed by the one or morg processors, may cause the one or morg
processors to at least, recetve, from the input component, a unigue wdentifier detected by the
mput component and, m response o receipt of the unigue identificr, 1mtiate a session, send a
first instruction to a locking mecharism of the door causing the locking mechanism to
disengage such that the door is movable from the closed position to the open position, and
send a second instruction to the first weight sensor to record weight sensor data during the
session. In addition, the program instructions, when executed by the one or more processors,
may further cause the one or more processor to at feast, subsequent to sending the second
mstruction, detect a second moverment of the door from the open position to the closed
position and in regponse to the second movement of the door from the open position {o the
closed position, complete the session, send a third mstruction to the locking mechamsm of the
door causing the locking mechanism to engage such that the door s retained in the closed
position, process weight sensor data recorded by the first weight sensor during the session to
determine a weight change based at least in part on a first weight measured by the first weight

sensor at a first time during the session and a second weight measured by the first weight
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sensor at a second fime during the session, determing, based at least in part on the weight
change, that a first event of an ttem pick occurred during the session, and determine that the
weight change 1s within a fust range of a stored first tem weight corresponding to the first
tiem type. In addition, the program mstructions, that when executed by the one or more
processors may further cause the one or more processors (o at least, in response to a
determination that the weight change s within the first range of the stored first itom weight,
mcrement a first item count of the first item tvpe on an item pick list indicating ttoms picked
from the apparatus during the session, decrement a first inventory count at the apparatus to
mdicate that the first item of the first item type has been pmicked from the apparatus, and send,
0 a remote compuicr resource, session data that rocludes the unigue identifier and the ttern
pick Hist such that the remote computer resource can update an account indicated by the
unigue wdentifier to indicate a pick of the first item of the first item type from the apparatus

during the session.

161271 Optionally, the apparatus may further mehide one or more of a camera, and a
second weight sensor at a second position on the at least one shelf and corresponding to a
second area of the at least one shelf, the second weight sensor operable to measure a second
total weight of one or more second 1iems of a second item type in the second area. The
program instructions, when executed by the one or more processors, further cause the one or
more processors 1o at least, in response to the second movement of the door from the open
position to the closed position, process second weight sensor data recorded by the second
weight sensor dunng the session to determine a second weight change based at least in part
on a third weight measured by the second weight sensor at a third timne during the session and
a fourth weight measured by the second weight sensor at a fourth time during the session,
determine, based at least in part on the second weight change, that a second event of an item
pick occurred during the session, and determine that the second weight change exceeds a
second range of a stored second tern weight cotresponding to the second tem type. The
program instructions, when executed by the one or more processors, may further causce the
one o more processors to at least, in response fo a determuination that the second weight
change exceeds the second range, obtain 3 first image generated by the camera at a time prior
to the third time; obtain a second image generated by the camera at a time subsequent to the
fourth time, and generate a second event data that includes at least the first image, the second
mmage, and the second weight change, wherein the session data further inchudes the second

event data. Optionally, the prograny instractions, when executed by the one or more
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processors, may turther cause the one or more processors to at least, subsequent 1o sending
the session data, receive, from the remote computer resource, an indication of a second item
of the secord tiom type that was picked frora the sccond area as part of the second event, and
decrement a second imventory count at the apparatus to mdicate that the second item of the
second item type has been picked from the apparatus. Optionally, the apparatus may forther
mchude a camera, and the program mstructions, when executed by the one or more
processors, may further cause the one or more processors to at least, m respounse to the second
movement of the door from the open position to the closed position, process weight sensor
data recorded by the first weight sensor during the sesston to determine a second weight
change based at least i part on a third weight measured by the first weight sensor at a third
time during the session and a fourth weight measured by the first weight sensor at a fourth
time during the session, determine, based at least in part on the second weight change, that a
second event of an item place occurred during the session, determing that the second weight
change corresponds to the stored first tiem weight for the first item type at the first area,
determine that the second weight change matches an tem weight of a third item of the first
ttem type indicated on the itom pick list, and in response to a determination that the second
weight change corresponds to the stored first item weight and that the second weight change
matches the ttem weight of the third ttom indicated on the item pick list, removing the third
ttem from the ttem mck hist, and increment the first inventory count at the apparatas to

mdicate that the third ttom of the first riem type has been placed into the apparatus.

10128} Implementations disclosed herein may include a computer-implemented method,
that mchudes one or more of, at a kiosk, detecting a unique identifier corresponding to an
account, in response to detecting the unique dentificr, initiating a session during which
access to a plurality of #ems contained within the kiosk is available, recording, during the
session, weight sensor data from a plurality of weight sensors within the kiosk, recording,
during the session, tmage data from a camera coupled to the kiosk, and detcomining that
access to the plurality of ttems within the kiosk has ended. The computer-implemented
method may also mclade, in response to determiming that the access has ended, completing
the session, determining, based at least in part on weight sensor data from a first weight
sensor of the plurality of weight sensors, a first weight change as a first difference between a
first weight measured by the first weight sensor during the session and a second weight
measured by the first weight sensor during the session, determining, based at least in part on

the first weight change, both a first action corresponding to the first weight change and a first
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ttem type of a first item involved m the first action, updating an tem pick hist for the session
based at least in part on the first action and the first ttem type, updating an mventory count

for the first item type at the kiosk.

[0129] Ogptionally, The computer-implemented method may alse melude, at the kiosk,
deternuning, based at least in part on weight sensor data from a second weight sensor of the
plurahity of weight sensors, a second weight change as a second difference between a third
weight measured by the second weight sensor during the session and a fourth weight
measured by the second weight sensor during the session, and determining that a second item
tvpe of a second item cannot be determined from the second weight change. The computer-
mmplemenied method may also include, in response to determining that the second ttem type
cannot be determined from the second weight change, obtaining image data generated by the
camera and corresponding to a time at which the second weight change occurred during the
session, generating ovent data that mcludes at least the second weight change, the image data,
and an arca identificr indicating an area within the kiosk at which the second weight change
ocourred, and sending, £0 a remote computer resource, the event data. The computer-
mplemented method may also include, at the remote computer resource, processing the
mmage data to determing one or more potential em types of the second tem represented in
the image data, determining, based af least m part on the one or more potential item types, the
second weight change, and the area dentificr, the second item tvpe of the second item
corresponding to the second weight change, and sending, to the kiosk, an indication of the
second item type of the second item. Optionally, the computer-implemented method may
further nchude, at the kiosk, determining, based at least in part on weight sensor data from a
second weight sensor of the plurality of weight sensors, a second weight change as a second
difference between a third weight measured by the second weight sensor dunng the session
and a fourth weight measured by the second weight sensor during the session, and
deternuning that a second item type of a second item cannot be determined from the second
weight change. The computer-implemented method may also mclude, 1 response to
determining that the second item {ype cannot be determimed from the second weight change,
obtaining image data generated by the camera and corresponding o a time at which the
second weight change occurred during the session, and generating event data that includes at
cast the second weight change, the image data, and an area identifier indicating an area
within the kiosk at which the second weight change occarred, and sending, to a remote

computer resource, the event data. The computer-implemented method may also inclade, at
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the remote compuier resource, determining that the second item cannot be deternnned from
the event data, sending the event data for a manual review to determine the second item tyvpe
of the second tiem corresponding to the second weight change, receiving, from the manual
review, an indication of the second item type, and sending, to the kiosk, the mdication of the
second ttem type of the second ttem. Optionally, the computer-implemented method may
mclude, providing at least a portion of the event data and the indication of the second item
tvpe as feedback to a machive learming model to improve an tern recognition of the machimne
learning model. Optionally, the first action may be a pick of an item of the first item type,
and updating the item pick list may mchide indicating the item of the first item type and a
weight change determined for the first action. Optionally, determining both the first action
and the first itom type may further be based at least in part on an area within the kiosk at
which the first action occurred, and/or stored inventory data mamtained n a data store of the
kiosk, the stored inventory data indicating the first ifem type corresponding to the arca and an
average stored itom weight of the first tom type. Optionally, the first action reay be a pick of
the first itemn of the first item type from a first area within the kiosk, wherein the first arca
corresponds to the first weight sensor of the plurality of weight sensors, and apdating the item
pick list may include incromenting an ftem count for the first item type. The compuier-
mnplemented method may further nclude, at the kiosk, determining, based at least n part on
weight sensor data from a second weight sensor, a second weight change as a second
difference between a third weight measured by the second weight sensor during the session
and a fourth weight measured by the second weight sensor during the session, defermining,
based at least in part on the second weight change, a second action of a place of an em of
the first item tvpe to a second area within the kiosk, wherein the second area corresponds {o
the second weight sensor of the plurality of weight sensors, updating the item pick list i
decrement the ttera count for the fust item type, and indicating that the second area includes
mixed item tvpes. Optionally, determining both the first action and the first item type, may
further include one or more of determining, from a data store at the kiosk, a stored ftem
weight for a first tom type associated with a first arca corresponding fo the first weight
sensor, determining that the first weight change is within a range of the stored ttem weight for
the first item type, and/or in response to determining that the first weight change 13 within the
range of the stored itom weight, determining that the first item of the first ttem type was
mvolved in the first action. Optionally, the computer-implemented method may further
melude, at the kiosk, determining, based at least in part on weight sensor data from a second

weight sensor of the phurality of weight sensors, a scoond weight change as a second
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difference between a third weight measured by the second weight sensor and a fourth weight
measured by the second weight sensor, determining, based at least in part on weight sensor
data from the second weight sensor of the plurality of weight sensors, a third weight change
as a third ditference between a fifth weight measured by the second weight sensor and a sixth
weight measured by the second weight sensor, determimng that the seoond weight change
and the third weight change occurred adjacent in time, determining that a sum of the second
weight change and the third weight change results in a net zevo weight change, and in
response to determining that the second weight change and the third weight change occurred
adjacent in {ime and that the sum of the second weight change and the third weight change
result in the net zero weight change, filtering out the second weight change and the third
weight change from the session. Optionally, the computer-implemented method may further
mclade, determining that the second weight change oocurred at a first area within the kiosk,
and determining that the third weight change cocurred at the first arca within the kiosk,
wherein filtering is further based at least 10 part on deternuning that the second weight
change and the third weight change occurred at the first area. Optionally, the computer-
mnplemented method may further inchide, at the kiosk, determining, based at least in part on
weight sensor data from a second weight sensor of the plurality of weight sensors, a second
weight change as a secound difference between a third weight measured by the second weight
sensor and a fourth weight measured by the second weight sensor, determining that the
second weight change does not exceed a minimum threshold value, and 1n response to
determining that the sccond weight change does not exceed the minimum threshold value,

filtering out the second weight change from the session.

[0130] Implementations descrbed hercin may include a system that includes a first one or
more processors and a fivst memory storing first program instructions. The first program
mstructions, that when executed by the first one or more processors, may cause the first one
OF IoTe processors 1o at least process, subsequent to a completion of a session at a kiosk, a
weight sensor data received from a plurality of weight sensors mcluded m the kiosk to
determine a phurahity of events that occurred at the kiosk during the session, wherein the
session includes a period of time during which access is enabled to a plurality of items
located within the kiosk, and wherem cach weight sensor measures weight of an arca ofa
plurality of arcas within the kiosk. The first program mstructions, that when executed by the
first one or more processors, may further cause the first one or more processors to at least

process the weight sensor data and a first arca information corresponding to a first area of the
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plurahity of areas to determine, for a first event of the plurality of events occurring at the first
area, a first action and a first tiem type of a first item involved in the first event, update a
kiosk inventory comt of the kiosk 1 accordance with the first event, deternine, for a second
event of the plurality of events occurnng at a second area of the plurality of arcas, thata
second ttem nvolved in the second event cannot be determined from the weight sensor data
and a second arca information corresponding to the second area, obtain an image data
generated by a camera of the kiosk that corresponds to the second event, and send the image
data and at least a portion of the weight sengor data corresponding to the second event to a
second one or more processors. The system may also include a second memory storing
second program mstructions that when execuied by the second one or more processors,
further cause the second one or more processors to at least, receive the image data and the at
least a portion of the weight sensor data, process the image data to determine a potential item
mvolved in the second event, determine, based on the weight sensor data, the second arca
mformation, and the potential tem mvolved in the event, that the potential itom s the second
item mvolved n the second event, and cause the kiosk inventory count of the kiosk to be

apdated 10 accordance with the second event.

[131] Optionally, the first one or more processors and the first memory may be incladed
i the kiosk, and the second one or more processors and the second memory may be mchided
1 a remote computer resource that 1s remote from the kiosk. Optionally, the first program
mstructions, when executed by the first one or more processors, may further cause the first
one o more processors to at keast, prior to sending the image data and the at least a portion of
the weight sensor data, determine that a network connection between the kiosk and the
reraote compuier resource 1s unavatiable, and allow a second session to be inttiated at the
kiosk before the image data and the at least a portion of the weight sensor data 1s sent o the
remote computer rescurce. Optionally, the first program instructions, when oxecuted by the
first one or more processors, may further cause the first one or more processors to at least
determine, for a third event of the plurality of events occurring at a third area of the plurality
of arcas, that a third item type involved in the third event canmot be determined from the
weight sensor data and a third area information correspounding fo the third area, obtain a
second 1mage data generated by the camera of the kiosk that corresponds to the third event,
and send the second mmage data and at least a portion of the weight sensor data corresponding
to the third event to the second one or more processors. The second program nstructions,

when executed by the second ong or more progessors, may further cause the second ong or
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more processors (o at least receive the second 1mage data and the at least a portion of the
weight sensor data corresponding to the third event, determine for the third event that the
third item type cannot be deternuned by the sccond one or more processors and the second
program instructions, send the second image data and the at least a portion of the weight
sensor data corresponding to the third event for manual review, receive, i response to the
manual review, an ndication of the third tem type mvolved 1o the third event, and cause the
kiosk inventory count of the kiosk to be updated 1n accordance with the third event.
Optionally, the first program instructions, when executed by the first one or more processors,
may further cause the first one or more processors to at least determine that the first action is
a pick of the first item, and m response to a deternyination that the first action is a pick of the
first item, decrement the kiosk mventory count of the kiosk. The first program mstructions,
when executed by the first one or more processors, may further cause the first one or more
processors to at least, determine that a third event that occurred during the session is a place
of the first tero and, in respounse to deternination that the third event is a place of the first
tem, increment the kiosk mventory count. Optionally, the first program instructions, when
executed by the first one or more processors, may further cause the first one or more
processors to at least determine that the third event is a place of the first tiem at the second
arca within the kiosk, wherein the sccond area i1s different than the first area, and indicate that

the second area includes mixed ftem types.

(0132} The above aspects of the present disclosure are meant to be lustrative. They
were chosen to explam the principles and application of the disclosure and are not intended to
be exhaustive or to limit the disclosure. Many modifications and vanations of the disclosed
aspects may be apparent to those of skill in the art. Persons having ordinary skill in the field
of computers, communications, inventory management, and kiosks should recognize that
components and process steps deseribed herein may be urerchangeable with other
components or steps, or combinations of components or steps, and stdl achieve the benefits
and advantages of the present disclosure. Moreover, it should be apparent to one skilled in
the art that the disclosure may be practiced without some or all of the specific details and

steps disclosed herein,

[3133] Aspects of the disclosed system may be implemented as a computer method or as
an article of manufacture such as a memory device or non-transitory computer readable

storage moedivm. The computer readable storage medium may be readable by a computer and
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may comprise mstructions for causing a compudter or other device to perform processes
described in the present disclosure. The compuater readable storage media may be
maplemented by a volatile computer memory, son-volatile compuier memaory, hard drive,

solid-state memory, Hlash dnive, removable disk and/or other media.

(0134} Unless otherwise explicitly stated, articles such as “a” or “an” should gencrally be
mierpreted {o inchide one or more described items. Accordingly, phrases such as “a device
configured to” are miended to mchude one or more recited devices. Such one or more reciied
devices can also be collectively configured to carry out the stated recitations. For example,
“g processor configured to carry out recttations A, B and €7 can mnclude a first processor
configured to carry out recitation A working m conjunction with a second processor

configured to carry out recitations B and C.

(0135 Language of degree used herein, such as the terms “about,” “approximately,”
“generally,” “nearly”™ or “substantially” as used hercin, represent a value, amount, or
characteristic close to the stated value, amount, or charactenistic that still performs a desived
function or achieves a desired result. For example, the terms “about,” “approxamately,”
“gencrally,” “nearty” or “substantially” may refer to an amount that is within less than 16%
of, within less than 3% of, within less than 1% of, within less than 4.1%6 of, and within less
than 0.01% of the stated amount. Likewise, the terms “good,” “moderate,” and “poor” are

ased to relate to ranges of sleep scores and/or the corresponding quakbty of sleep.

[3136] Although the invention has been described and iHustrated with respect to
tHustrative implementations thercof, the foregoing and varicus other additions and omissions
may be made therein and thereto without departing trom the spuit and scope of the present

disclosure.
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CLAIMS
WHAT IS CLAIMED IS

1. An apparatus, comprising’

an mput component contigured to monitor for umque 1dentifiers;

a housing that includes an interior areq;

at least one shelf included in the micnior arca of the housing;

a first weight sensor at a first position on the at least one shelf and correspondmg to a
first area of the shelf, the first weight sensor operable to measure a total weight of one or
more first items of a first item type at the first area;

a door movable between a closed position that prohibits access to the mtenior area of
the housing and an open position that enables access to the mierior area of the housing;

one or more processors; and

a memory storing program instructions that when executed by the one or more
processors cause the one or mare processors to at least:

recetve, from the input component, a unigue deniifier detected by the input
component;
m response to receipt of the unique dentifier:
nitiate a seasion;
send a first instruction to a locking mechanism of the door causing the
locking mechanism to disengage such that the door is movable from the closed
position to the open posttion; and
send a second instruction to the first weight sensor to record weight
sensor data during the session;
subsequent to sending the second mstruction, detect a sccond movement of the
door from the open position to the closed position;
in response to the second movement of the door from the open position to the
closed position:
complete the session;
send a third mstruction to the locking mechanism of the door causing
the locking mechanism to engage such that the door is retained in the closed

POsition
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process weight sensor data recorded by the first weight sensor during
the session to determing a weight change based at least in part on a first weight
measured by the first weight sensor at a first time during the session and a
second weight measured by the fivst weight sensor at a second time during the
Se88I0N;
determine, based at ieast in part on the weight change, that a first ovent
ot an ttem pick occwrred duning the session;
determine that the weight change 18 within a first range of a stored first
item weight corresponding to the first item type;
in response to a deterounation that the weight change is within the first
range of the stored first ttem weight:
morement a first item coant of the first item type on an item
pick list indicating items picked from the apparatus during the session;
decreraent a first inventory count at the apparatus to indicate
that the first item of the first item type has been picked from the
apparatus; and
send, to a remote computer resource, session data that includes
the unigue identifier and the item pick list such that the reraote
computer resource can update an account indicated by the umigque
identifier to indicaie a pick of the first item of the first tteny type from

the apparatus during the session.
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2. The apparatus of claim 1, further comprising:

a camera;

a second weight sensor at a second position on the at least one shelf and
corrgsponding to a second area of the at least one shelf, the second weight sensor operable 1o
measure a second total weight of one or more second items of a second item type n the
sccond arca; and

wherein the program instructions, when executed by the one or more processors,
further cause the one or more processors o at least:

in response to the second movement of the door from the open position to the
closed position:
process second weight sensor data recorded by the second weight
sensor during the session to determine a second weight change based at least
in part on a third weight measured by the second weight sensor at a third time
during the session and a fourth weight measured by the second weight sensor
at a fourth ime during the session;
determine, based at least in part on the second weight change, that a
second event of an tem pick occurred during the session;
deternune that the second weight change exceeds a second range of a
stored second tem weight corresponding to the second item type;
in response to a determination that the second weight change exceeds
the second range:
obtain 3 first image generated by the camera at a time prior to
the third time: and
obtain 3 second image generated by the camera at a time
subseguent to the fourth time; and
generate a second event data that includes at least the first
image, the second image, and the second weight change; and

wherein the session data further mcludes the second event data.
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3. The apparatus of any one of claims 1 or 2, further compusing:
a camera; and
wherein the program instructions, when executed by the one or more processors,
further cause the one or more processors o at least:
n response to the second movement of the door from the open position to the
closed position:
process weight sensor data recorded by the first weight sensor during
the session to determine a second weight change based at least in parton a
third weight measured by the first weight sensor at a third time during the
session and a fourth weight measured by the first weight sensor at a fourth
time during the session;
determnine, based at least in part on the second weight change, that a
second event of an tem place occurred duning the scssion;
determine that the second weight change corresponds to the stored first
item weight for the first tem type at the first area;
deterovue that the second weight change matches an ttem weight of a
third item of the first item type indicated on the item pick list;
in response to a determination that the second weight change
corresponds to the stored first item weight and that the second weight change
maiches the item weight of the third item indicated on the item pick hist;
removing the third item from the item pick hst; and
increment the first inventory count at the apparatus to indicate that the

third rtem of the first item type has been placed info the apparatus.
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4. A compuicr-implemented method, comprising:
at a kiosk:
detecting a unique identifier corresponding to an account;
m response to detecting the umique 1dentifier, mnitiating a session during which
access to a plarality of items contained within the kiosk is available;
recording, during the session, weight sensor data from a phurality of weight
sensors within the kiosk;
recording, durmg the scasion, image data from a camera coupled to the kiosk;
determining that access to the plarality of 1fems within the kiosk has ended:
10 response o determining that the access bas ended:
completing the session;
determining, based at least in part on weight sensor data from a first
weight sensor of the plurality of weight sensors, a first weight change as a first
difference between a first weight measured by the first weight sensor during
the session and a second weight measured by the first weight sensor during the
gession;
determining, based at least in part on the first weight change, both a
fitst action corresponding to the first weight change and a first item tvpe of a
first item mvolved m the first action;
apdating an item pick list for the session based at least in part on the
first action and the first item type; and

updating an mventory count for the first item type at the kiosk.
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(]

The computer-implemented method of claim 4, further comprising:
at the kiosk:

deternuning, based at least 1 part on weight sensor data from a second weight
sensor of the plurality of weight sensors, a second weight change as a second
difference between a third weight measured by the second weight sensor daring the
session and a fourth weight measured by the second weight sensor dunng the session;

determining that a sccond tiem type of a second item canuot be deterouned
from the second weight change;

i response to determining that the second item type cannot be determined
from the second weight change:

obtaining image data generated by the camera and corresponding {0 a
time at which the second weight change occurred during the session; and
gencrating event data that includes at least the second weight change,

the image data, and an arca identifier indicating an area withun the kiosk at

which the second weight change occurred;

sending, to a remote computer resouree, the event data;
at the remote computer resource.

processing the image data to determoine one or more potential item types of the
second item represented 1n the image data;

determining, based at least m part on the one or more potential item types, the
second weight change, and the areca identifier, the second tiern type of the second item
corresponding o the second weight change; and

sending, to the kiosk, an mndication of the second item type of the second item.
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6.

The computer-implemented method of anv one of claims 4 or 3, further comprisng;
at the kiosk:

deternuning, based at least 1 part on weight sensor data from a second weight
sensor of the plurality of weight sensors, a second weight change as a second
difference between a third weight measured by the second weight sensor daring the
session and a fourth weight measured by the second weight sensor dunng the session;

determining that a sccond tiem type of a second item canuot be deternuned
from the second weight change;

i response to determining that the second item type cannot be determined
from the second weight change:

obtaining image data generated by the camera and corresponding {0 a
time at which the second weight change occurred during the session; and
gencrating event data that includes at least the second weight change,

the image data, and an arca identifier indicating an arca withim the kiosk at

which the second weight change occurred;

sending, to a remote computer resouree, the event data;
at the remote computer resource.

deternuning that the second ttem cannot be determined from the event data;

sending the event data for a manual review to determine the second item type
of the second iterm corresponding to the second weight change;

receiving, from the manual review, an indication of the second ttem type; and

sending, 1o the kiosk, the indication of the second item type of the second

item.

The computer-implemented method of any one of claims 4, 3, or 6, wherem:
the first action 18 a pick of an 1tem of the first iem type; and

updating the item pick hist includes indicating the itom of the first item type and a

weight change determined for the fust action.
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8. The computer-implemented method of anv one of claims 4, 5,6, 01 7,
wherein:
the first action is a pick of the first item of the first item type from a first arca
within the kiosk, wherein the first area corresponds to the first weight sensor of the
plurality of weight sensors; and
updating the item pick list includes mcrementing an itom count for the first
fer type;
the method further comprising:
at the kiosk:
deterovning, based at least in part on weight sensor data from a second
weight sensor, a second weight change as a second difference between a third
weight measured by the sceond weight sensor during the session and a fourth
weight measured by the second weight sensor dunng the session;
determining, based at least 1o part on the second weight change, a
second action of a place of an 1tem of the first iem type o a second arca
within the kiosk, wheremn the second area corresponds to the second weight
sensor of the plurality of weight sensors;
updating the item pick list to decrement the item count for the first
item type: and

indicating that the second area mchides mixed ftem types.

9, The computer-implemented method of any one of claims 4, 5, 6, 7, or 8, wherein
determining both the first action and the first item type, further inchides:

determining, from a data store at the kiosk, a stored item weight for a first item type
associated with a first arca corresponding to the first weight sensor;

determining that the first weight change 1s within a range of the stored item weight for
the first tiem type; and

1 response to determining that the fivst weight change 1s within the range of the
stored item weight, determinung that the fvst stem of the first item tyvpe was mvolved i the

first action.
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10. The computer-implemented method of any one of claims 4, 5, 6, 7, 8, or 9, further
comprising:

at the kiosk:

deternuning, based at least in part on weight sensor data from a second weight
sensor of the plurahity of weight sensors, a second weight change as a second
difference between a third weight measured by the second weight sensor and a fourth
weight measured by the second weight sensor;

determining, based at least in part on weight sensor data from the second
weight sensor of the plurality of weight sensors, a third weight change as a third
ditference between a fitth weight measured by the second weight sensor and a sixth
weight measured by the second weight sensor;

determining that the second weight change and the third weight change
occwrred adjacent in time;

determining that a sum of the second weight change and the thud weight
change results in g net zero weight change; and

in response to determining that the second weight change and the third weight
change occurred adjacent in time and that the sum of the sccond weight change and
the third weight change result in the net zero weight change, filtering out the second

weight change and the third weight change from the session.

IR The computer-implemented method of any onc of claims 4, 5, 6, 7, 8, 9, or 10, further
comprising:
at the kiosk:

determining, based at least in part on weight sensor data from a second weight
sensor of the plurality of weight sensors, a second weight change as a second
difference between a third weight measured by the second weight sensor and a fourth
weight measured by the second weight sensor;

determining that the second weight change docs not exceed a minimum
threshold value; and

i response to determining that the second weight change does not exceed the

minimum threshold value, filtering out the second weight change from the session.
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12, A system, comprising:
a first one or more processors; and
a first memory storing first program mstructions, that when executed by the first one
OF MOre processors, cause the first one or more processors to at least:
process, subsequent to a completion of a session at a kiosk, a weight sensor
data received from a plurality of weight sensors included in the kiosk to determine a
plurality of events that occurred at the kiosk during the session, wherein
the session includes a pertod of time durning which access is enabled to
a plurality of items located within the kiosk; and
cach weight sensor macasures weight of an arca of a plurality of arcas
within the kiosk;
process the weight sensor data and a first area information corresponding to a
first area of the plurality of areas to determine, for a first event of the plurality of
events occurring at the first arca, a first action and a first item type of a first itom
mvolved m the first event;
update a kiosk inventory count of the kiosk 1 accordance with the first event;
determing, for a second event of the plurality of events occurring at a second
arca of the plurality of arcas, that a second itern invelved in the second event cannot
be determined from the weight sensor data and a second arca information
corresponding to the second area;
obtain an image data generated by a camera of the kiosk that corresponds to
the second event; and
send the image data and at Jeast a portion of the weight sensor data
corresponding to the second eveunt to a second one Or BIOKE PrOCOSSOrS;
a second memory storing second program instructions, that when executed by the
second one or more processors, further cause the second one or more processors to at least:
receive the image data and the at least a portion of the weight sensor data;
process the toage data to deteroing a potential fers involved 1 the second
event;
determine, based on the weight sensor data, the second area information, and
the potential item involved m the event. that the potential item is the second item
mvolved i the second event; and
cause the kiosk inventory count of the kiosk to be updated in accordance with

the second event.
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13 The system of claim 12, wherein:
the first one or more processors and the first memory are included 1n the kiosk; and
the second one or more processors and the second memory are included in a remote

computer resource that i1s remote from the kiosk.

14. The systern of any one of claims 12 or 13, wherem:
the first program mstructions, when executed by the first one or more processors,
further cause the first one or more processors to at least:
deternune, for a third event of the plurality of events occurring at a third arca
of the plurality of areas, that a third item type involved in the third event canmnot be
determuned from the weight sensor data and a third arca nformation corresponding o
the third area;
obtain a second tmage data generated by the camera of the kiosk that
corresponds to the third event; and
send the second mmage data and at least a portion of the weight sensor data
corresponding to the third event to the sccond one or more processors, and
the second program instructions, when execuied by the second one or more
processors, further cause the second one or more processors to at least:
receive the second tmage data and the at least a portion of the weight sensor
data corresponding to the third event;
determing for the third event that the third item type cannot be determined by
the second one or more processors and the second program instructions;
send the second image data and the at least a portion of the weight sensor data
corresponding to the third event for manual review;
receive, in response to the manual review, an indication of the third ttem tvpe
involved i the third event; and
cause the kiosk mventory count of the kiosk to be updated 1n accordance with

the third event.
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15. The systern of any one of claims 12, 13, or 14, wherein the first program instructions,
when executed by the first one or more processors, further cause the first ong or more
processors to at least:

determing that the first action is a pick of the first item;

in response to a determination that the first action is a pick of the first item, decroment
the kiosk inventory count of the kiosk;

determine that a third event that occurred during the session s a place of the first
item; and

i response to determination that the third event s a place of the first item, increment

the kiosk mventory count.
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