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(57) ABSTRACT 
This disclosure describes a system for automatically transi 
tioning items from a materials handling facility without 
delaying a user as they exit the materials handling facility. For 
example, while a user is located in a materials handling facil 
ity, the user may pick one or more items. The items are 
identified and automatically associated with the user at or 
near the time of the item pick. When the users enters and/or 
passes through a transition area, the picked items are auto 
matically transitioned to the user without affirmative input 
from or delay to the user. 
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unpacked or otherwise rearranged, and the inventory man 
agement system 150 (which, as described below, may include 
one or more software applications executing on a computer 
system) may be updated to reflect the type, quantity, condi 
tion, cost, location or any other suitable parameters with 
respect to newly received items 135. It is noted that items 135 
may be stocked, managed or dispensed in terms of countable, 
individual units or multiples of units, such as packages, car 
tons, crates, pallets or other suitable aggregations. Alterna 
tively, some items 135, such as bulk products, commodities, 
etc., may be stored in continuous or arbitrarily divisible 
amounts that may not be inherently organized into countable 
units. Such items 135 may be managed in terms of measur 
able quantities such as units of length, area, volume, weight, 
time duration or other dimensional properties characterized 
by units of measurement. Generally speaking, a quantity of an 
item 135 may refer to either a countable number of individual 
or aggregate units of an item 135 or a measurable amount of 
an item 135, as appropriate. 
[0026] After arriving through receiving area 120, items 135 
may be stored within storage area 130. In some implementa 
tions, like items 135 may be stored or displayed together in 
bins, on shelves or via other suitable storage mechanisms, 
such that all items 135 of a given kind are stored in one 
inventory location within the storage area 130. In other imple 
mentations, like items 135 may be stored in different loca 
tions. For example, to optimize retrieval of certain items 135 
having high turnover within a large physical facility, those 
items 135 may be stored in several different inventory loca 
tions to reduce congestion that might occurata single point of 
storage. In general, the inventory management system 150 
may maintain a mapping or location information identifying 
where within the materials handling facility each item is 
stored. Each inventory item may be associated with the cor 
responding inventory location in which it is stored and the 
association may be maintained in an inventory data store 915 
(FIG.9) accessible by the inventory management system 150. 
[0027] When a customer order specifying one or more of 
items 135 is received, or as a user progresses through the 
materials handling facility 100, the corresponding items 135 
may be selected or “picked” from inventory locations within 
the storage area 130. For example, in one implementation, a 
user may have a list of items to pick and may progress through 
the materials handling facility picking items 135 from the 
inventory locations within the storage area 130. In other 
implementations, materials handling facility employees may 
pick items 135 from inventory locations within the storage 
area 130 using written or electronic pick lists derived from 
customer orders. 

[0028] As discussed in more detail below, one or more 
images of the user may be captured. For example, when the 
user reaches an inventory location and passes their hand into 
an inventory location within the storage area 130, one or more 
images may be captured of the user’s hand prior to it passing 
into the inventory location. Again, when the user’s hand is 
removed from the inventory location, one or more images 
may be captured of the user’s hand as it exits the inventory 
location. Those images may be compared to determine 
whether a user has picked an item from the inventory location 
or placed an item in the inventory location. In some imple 
mentations, a simple image analysis may be performed to 
determine changes between the images. For example, image 
analysis may be performed on the first image to determine a 
skin tone color of the user’s hand and pixels including that 
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color, or a range of colors similar to the identified skin tone 
color, may be identified to represent the user’s hand. Utilizing 
the skin tone colors, the images of the user’s hand obtained 
after the user’s hand is removed from the inventory location 
may be processed to again identify the user’s hand. Finally, a 
comparison of the segments of the images representing the 
user’s hand and an area surrounding the user’s hand may be 
compared to determine a change between the images to iden 
tify whether an item has been picked or placed into the inven 
tory location. In another example, item recognition may be 
performed on both images to identify different items. For 
example, the image(s) captured prior to the user’s hand enter 
ing the inventory location may only include an item that is in 
the shape of a hand. In comparison, the image(s) captured 
after the user’s hand is removed from the inventory location 
may include an object in the shape of the user’s hand plus an 
additional item. It will be appreciated that any image analysis 
and/or comparison technique may be used to determine if a 
user has placed and/or picked an item from an inventory 
location. 

[0029] When a user enters or passes through a transition 
area 140, the items identified on the item identifier list asso 
ciated with the user may be transitioned. A transition area 
may be any designated area within, around or near a materials 
handling facility. For example, the transition area may be a 
packing station within the materials handling and, when the 
user arrives at the packing station (transition area), the items 
identified on the item identifier list associated with the user 
may be transitioned from the storage area 130 to the packing 
station. Such information may be maintained by the inventory 
management system 150 to enable accurate tracking of items. 
Other examples of a transition area include, but are not lim 
ited to, exits from the materials handling facility, a perimeter 
surrounding the materials handling facility, a loading bay of 
the materials handling facility, a parking lot associated with 
the materials handling facility, and the like. 
[0030) If the items are departing the materials handling 
facility (e.g., a carrier is taking the items for transport, a 
customer is purchasing or renting the items), when the user 
passes through the exit (transition area) of the materials han 
dling facility, the items identified on the item identifier list are 
transitioned from the materials handling facility to the user. 
For example, if the user is purchasing the items, the owner 
ship of the items may be transferred to the user and the user 
charged a fee for the items when the user exits the materials 
handling facility with the items. 
[0031] FIG. 2 shows additional components of a materials 
handling facility 200, according to some implementations. 
Generally, the materials handling facility 200 may include 
one or more image capture devices, such as cameras 208. For 
example, one or more cameras 208 may be positioned in 
locations of the materials handling facility 200 so that images 
of locations within the materials handling facility can be 
captured. In some implementations, the image capture 
devices 208 may be positioned overhead, such as on the 
ceiling, to capture images of users and/or locations within the 
materials handling facility. In addition, in some implementa 
tions, one or more cameras 208 may be positioned on or 
inside of inventory locations. For example, a series of cam 
eras 208 may be positioned on external portions of the inven 
tory locations and positioned to capture images of users and/ 
or the location surrounding the inventory location. Likewise, 
one or more cameras 208 may be positioned within the inven 
tory locations to capture images of items stored in the inven 
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and/or voice network, and may be implemented using wired 
infrastructure (e.g., cable, CATS, fiber optic cable, etc.), a 
wireless infrastructure (e.g., RF, cellular, microwave, satel 
lite, Bluetooth, etc.), and/or other connection technologies. 
[0050] FIG.4 depicts a flow diagram of an example process 
400 for tracking interaction and/or movement of an item, 
according to some implementations. The process of FIG. 4 
and each of the other processes discussed herein may be 
implemented in hardware, software, or a combination 
thereof. In the context of software, the described operations 
represent computer-executable instructions stored on one or 
more computer-readable media that, when executed by one or 
more processors, perform the recited operations. Generally, 
computer-executable instructions include routines, pro 
grams, objects, components, data structures, and the like that 
perform particular functions or implement particular abstract 
data types. 
[0051] The computer-readable media may include non 
transitory computer-readable storage media, which may 
include hard drives, floppy diskettes, optical disks, 
CD-ROMs, DVDs, read-only memories (ROMs), random 
access memories (RAMs), EPROMs, EEPROMs, flash 
memory, magnetic or optical cards, solid-state memory 
devices, or other types of storage media suitable for storing 
electronic instructions. In addition, in some implementations, 
the computer-readable media may include a transitory com 
puter-readable signal (in compressed or uncompressed form). 
Examples of computer-readable signals, whether modulated 
using a carrier or not, include, but are not limited to, signals 
that a computer system hosting or running a computer pro 
gram can be configured to access, including signals down 
loaded through the Internet or other networks. Finally, the 
order in which the operations are described is not intended to 
be construed as a limitation, and any number of the described 
operations can be combined in any order and/or in parallel to 
implement the process. 
[0052] The example process 400 begins by identifying a 
user, as in 402. Various techniques may be used to identify a 
user. For example, image capture and facial recognition may 
be used. In another example, the user may identify themself 
with a personal identifier (e.g., badge), RFID card, etc. In 
some implementations, the user has a portable device that 
may be detected when the user enters the materials handling 
facility. Alternatively, an application executing on a portable 
device may be utilized by the user to identify themselves. The 
portable device and/or application may include a unique iden 
tifier that is provided to the inventory management system 
150 and used to identify the user. When the user is identified, 
a user profile associated with the user and maintained by the 
inventory management system is determined. In some imple 
mentations, a payment instrument (e.g., credit card, debit 
card, check card, etc.) is associated with the user profile and 
may be checked to confirm that the payment instrument is 
valid and may be used by the user to pay for any items picked 
by the user. 
[0053] In addition to identifying the user, the user’s loca 
tion within the materials handling facility and identification 
of the inventory location within the user’s location may also 
be determined, as in 404. In some implementations, imaging 
devices located within the materials handling facility may be 
used to capture images within the materials handling facility 
that are processed by the computing resource(s) 203 to iden 
tify the location of the user. Likewise, microphones may 
record sounds made by the user and the computing resource 
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(s) may process those sounds to determine a location of the 
user. For example, based on knowledge of the locations of the 
microphones within the materials handling facility, a time 
offset between audio signals received by each microphone 
can be computed to determine a location of the user. 
[0054] In order to identify the time offsets between signals 
received by various microphones, in some instances, the com 
puting resource(s) 203 compile each audio signal received by 
respective audio transducers and then determine the time 
offsets between the signals by, for instance, using any time 
difference-of-arrival (“TDOA”) technique, or any other suit 
able technique. After identifying the respective time offsets, 
the computing resource(s) 203 can determine a direction and/ 
or source location of the audio. 

[0055] In addition to, or as an alternative to visual and/or 
audio location determination, the inventory management sys 
tem 150 may also utilize other techniques, such as triangula 
tion between antennas 216, to determine the location of the 
user as the user moves through the materials handling facility. 
In otherexamples, if the user is carrying a portable device that 
includes a global positioning system (GPS) chip, the inven 
tory management system may be configured to receive the 
GPS information and determine the location of the portable 
device, and thus the user. 
[0056] The example process may also detect whether an 
item was picked from an inventory location or placed into an 
inventory location, as in sub-process 500. The sub-process 
500 for determining if an item has been picked from an 
inventory location or placed into an inventory location is 
discussed in further detail below with respect to FIG. 5. As 
discussed below, in some implementations, it may be deter 
mined that both an item has been placed into the inventory 
location and an item has been picked from the inventory 
location. For example, a user may place an item into the 
inventory location and during the same action pick an item 
from the inventory location. 
[0057] Based on the response from the example sub-pro 
cess 500, a determination is made as to whether an item was 
picked from the inventory location, as in 406. If it is deter 
mined that an item was picked from the inventory location, 
the sub-process for identifying the picked item is performed, 
as in 600. The example sub-process 600 for determining an 
identity of an item picked from the inventory location is 
discussed further below with respect to FIG. 6. Following 
completion of the sub-process 600 for determining an identity 
of the picked item, the example process 400 adds an item 
identifier representative of the picked item to the item iden 
tifier list associated with the user, as in 408. For example, the 
user profile data store 917 and/or the item identifier list data 
store 919 may be updated to associate the item identifier 
representative of the picked item with the user profile of the 
user that picked the item. 
[0058] Returning to decision block 406, if it is determined 
that an item has not been picked from the inventory location, 
a determination is made as to whether an item was placed into 
the inventory location, as in 407. If it is determined that an 
item was placed into the inventory location, the identity of the 
item is determined, as in sub-process 700. The example sub 
process 700 for determining an identity of an item placed into 
an inventory location is discussed further below with respect 
to FIG. 7. 

[0059) Once the identity of the item placed into the inven 
tory location is determined, an item identifier representative 
of the item is removed from the item identifier list associated 
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determining, using second data collected by at least one of 16. The method of claim 15, wherein the item is picked by 
the plurality of input devices located in the materials 
handling facility, that the user has picked the item from 
an inventory location within the materials handling 
facility; 

determining, using the second data and contemporane 
ously with the picking, an identity of the item; and 

wherein updating the user profile data is performed in 
response to determining the identity of the item. 

15. A method comprising: 
undercontrol ofc.ne or more computing devices configured 

with executable instructions, 
determining, using first data collected from at least one 

of a plurality of input devices located in a materials 
handling facility, an item picked from an inventory 
location within the materials handling facility; 

updating a user profile data store to associate an item 
identifier representative of the item with a user profile 
associated with a user; 

determining, using second data collected by at least one 
of the plurality of input devices located in the mate 
rials handling facility, that the user is exiting the mate 
rials handling facility; and 

in response to determining that the user is exiting the 
materials handling facility, and without delaying the 
user from exiting the materials handling facility, 
charging a fee to the user for the item. 

a second user and provided to the user. 
17. The method of claim 15, further comprising: 
determining, using third data collected by at least one of the 

plurality of input devices located in the materials han 
dling facility, an identity of the user; and 

monitoring, using at least one of the plurality of input 
devices located in the materials handling facility, a posi 
tion of the user while the user is located in the materials 
handling facility. 

18. The method of claim 15, wherein the first data includes 
at least one of an image of the user captured by a camera 
located near an exit of the materials handling facility, an RFID 
tag identifier detected by a RFID reader located near the exit 
of the materials handling facility. 

19. The method of claim 15, wherein the first data is at least 
one of an image of the item captured by a camera when the 
item is picked by the user, a RFID tag detected by a RFID 
reader when the item is picked by the user, or a change in a 
weight measured at the inventory location when the item is 
picked by the user. 

20. The method of claim 15, wherein the fee is at least one 
of a fee to rent the item, a fee to lease the item, a fee to 
consume the item, a fee to purchase the item, or a fee to use the 
item. 


