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FIGURE 3

(57) Abstract: Example pallet-conveyor systems may include a conveyor system contigured with a delivery track arranged to move
pallets to a delivery area, a recirculation loop, and a diverter mechanism. The system may include a computing system that selects
an item for the recirculation loop based on future demand and causes a robotic device to maintain pallets of the selected item in the
recirculation loop. The computing system may further receive an item request and determine that a requested item is available from
the recirculation loop and responsively cause the diverter mechanism to divert the requested item from the recirculation loop to the
delivery track. The computing system may also cause robotic devices to obtain and load pallets of remaining requested items onto
the conveyer system for the delivery area, and cause pickers to remove one or more items from pallets at the delivery area in order
to fulfill the item request.
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Pallet-Convevor System

CROSS REFERENCE TO RELATED APPLICATION

6001} The present apphication claims prionty to US. Patent Application No.
15/259,783, filed on September 8, 2016 and entitled “Pallet-Convevor System,” which s

hereby meorporated by reference in its entirety,

BACKGROUND
[B082] A warchouse can store items for commercial entitics, such as manufacturers,
wholesalers, and transport businesses. The items can correspond to various goods, including
raw matenals, parts or components, and finished products. As such, the warchouse may store
pallets holding various items in storage and may further include loading docks that enable the
loading and unloading of goods from delivery trucks or other types of vehicles for storing

pallets.
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SUMMARY

[0003] Example mplementations relating to pallet-convevor systems are described
herein. An example system may include a convevor svstem configured with a delivery track
arranged to move pallets to a delivery area and a recirculation loop that circulates selected
pallets within the convevor systemn. The convevor system may alse include a diverter
mechanism that is operable to divert pallets to the debivery track. The example system may
additionally include a computing svstem configured to perform processes, including selecting
ftems to keep in circulation on the recirculation loop based on future demand values for the
itoms and other possible considerations.  {n some instances, the computing system may
operate mobile robotic devices to maintain a pallet of each selected 1tem 1n the recirculation
loop and may divert a selected item from the recirculation loop to the delivery track to fulfill
a received ttem request. When the computing system determings that a requested tem is not
available in the recirculation loop, the computing system may control robotic devices to
obtain and load pallets onto the convevor system to enable pickers to remove requested items
from pallets in order to fulfill tem requests.

[B034] In onc aspect, an cxample system is provided. The svstem may include a
convevor system that includes: (1) a delivery track arranged to move paliets to a dehivery area,
(i1) a recirculation loop, and (#1) a diverter mechanism.  In some instances, the conveyor
system is located in an environment comprising storage for a plurality of items, and the
diverter mechanism is operable to divert a pallet to the dehivery track. The system further
mehudes a control system configured to perform a set of functions. For example, the control
system may compare future demand values for at least two of the plurality of items and based
on the comparison, sclect an item to keep i circulation on the recirculation loop. The control
system may also cause a mobile robotic device to maintam a pallet of the selected tem in
circulation on the recirculation loop, receive an item request, and determine that a requested
ttem 1s available from the recirculation loop. The control system may also cause the diverter
mechanism to divert the requested item from the recirculation loop to the delivery track.
HEETRY In another aspect. an example method is provided. The method mav include
selecting, at a computing system controlling a convevor syvstem located in an environment
comprising storage for a phurality of items, an item to keep in circulation on a recirculation
loop of the conveyor system based on future demand value for the #tem and causing a mobile
robotic device to matntain a pallet of the sclected item in circulation on the recircudation loop.

The method may also include receiving, at the computing system, an iHem request,
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determining that a requested item is available from the recircolation loop and responsive to a
determination that the requested item is available, causing a diverter mechanism of the
conveyor system to divert the requested item from the recirculation loop to a delivery track of
the convevor system. In some instances, the diverter mechanism 1s operable to divert the
pallet to the delivery track, and the debivery track 1s arranged to move pallets to a delivery
arca.

In a further aspect, a non-transitory computer-readable medium configured to store
mstructions, that when executed by a computing system configured to control a convevor
system, and to cause the computing system to perform functions. The functions may include
comparing future demand values for at least two of a plurality of itemss located 1o an
environment comprising the convevor system and based on the comparison, selecting an item
to keep in circulation on a recirculation loop of the convevor system. The functions may also
mclude causing a mobile robotic device to maintain a pallet of the selected item in circulation
on the recirculation loop, and receiving an #em request. The functions may further nclude
determining that a reguested item is avatlable from the recirculation loop and causing a
diverter mechantsm to divert the requested ttem from the recirculation loop to a delivery
track. In some instances, the delivery track is arranged to move pallets to a delivery arca, and
the diverter mechanism s operable to allow a pallet to recirculate on the recirculation loop.
3006} In vet another aspect, a system may include means for a pallet-conveyor
unplementation. The system may include means for selecting one or more items to keep in
circulation on a recirculation loop of a conveyor system located in an environment
comprising storage for a plurality of items based on future demand values for the one or more
ftems. The svstem may further include means for operating one or more mobile robotics to
maintain at feast one palict of cach sclected ttem in circulation on the recirculation loop, and
means for receiving one or more item requests, each imdicating one or more items. e
system may include means for determining that at least one requested 1tem is available from
the recirculation loop and means for causing a diverter mechanism of the convevor system o
divert the at lcast one requested item from the recirculation loop to a delivery track of the
conveyor system. In some implementations, the diverter mechamsm is operable to divert the
given pallet to the delivery track, and the delivery track is arranged to move pallets to a
delivery area. The system may further include means for causing a mobile robotic device to
obtan a pallet of a remaming requested item and load the paliet onto the conveyor system,
such that the remaining requested item 1s provided at the debivery area, and means for causing

a picker device to remove one or more requested items from pallets at the delivery area in
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order to fulfill the item request.

{0607} The foregoing sommary is illustrative only and 1s not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and featurcs described
above, further aspects, embodiments, and features will become apparent by reference {o the

figures and the following detailed description and the accompanying drawings.
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[0008]
[0009]
[0016]
[0011]
[0612]
[0613]
[0014]
[0015]
[0016]
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates an example pallet-convevor system.

Figure 2A 1s a simphified block-diagram of an example computing system.
Figure 2B illastrates an example forklift.

Figure 2C illustrates an example robotic arm configured on a pedestal.
Figure 2D illustrates an example autonomous guided vehicle.

Figure 2E illustrates an example loading vehcle.

Figure 3 depicts another example pallet-conveyor system.

Figure 4 depicts an additional example pallet-conveyor system.

Figure 5 is a flowchart of an example method for implementing a pallet-

CONVEeyor systerm.
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DETAILED DESCRIPTION

[6617] In the following detailed description, reference is made to the accompanying
Figures, which form a part hercof. In the Figures, similar symbols typically identifv similar
components, unless context dictates otherwise. The illustrative maplementations described in
the detailed description, Figures, and claims are not meant to be limiting. Other
mplementations may be utilized, and other changes may be made, without departing from
the scope of the subject matter presented herein. It will be readily vaderstood that the aspects
of the present disclosure, as generally described herein, and illustrated in the Figures, can be
arranged, substituted, combined, scparated, and designed in a wide variety of differont
configurations, all of which are explicitly contemplated herein.  Addwionally, in this
disclosure, unless otherwise specified and/or unless the particolar context clearly dictates
otherwise, the terms “a” or “an” means at least one, and the term “the” means the at least one.
{6618} As discussed above, various types of environments, such as warchouses and
distnbution centers are often arranged to store ifems such as raw materials, products,
components, etc. In a warchouse, items may be stored on pallets, with each pallet holding a
bulk amount of a particular tem. Using pallets i this manper can help to vmprove
organization and transportation of the items.

[0019] To further maprove efficiency in a warchouse, mobile robotic devices and
other types of vehicles may be utilized to retrieve requested items from storage and/or o
prepare the iterns for outbound delivery to fultill received item reguests. Vehicles, such as
forklifts mayv pick up and transport pallets holding requested tems from storage and drop off
the pallets on one or more conveyor belts that transport the pallets nearby one or more pickers
{c.g., people, robotic devices) so that the pickers can select requested items to assemble
outbound packages according to the 1tems requests. Pallet jacks can also serve as tools used
to lift and move pallets between different locations within the warchouse. However, this
process often requires vehicles to constantly retrieve pallets of items from different storage
locations throughout an covironment, which can result in delays and inctficient fulfillment of
item requests. For example, delays can occur when pickers have to wait for the delivery of
requested items from storage or for other possible reasons, such as traffic jams caused by too
many vehicles transporting pallets of tems back and forth between storage and the conveyor
sysicm.

6020} Examples implementations of pallet-convevor systems described herein may

reduce unwanted delays and other inefficiencies that can arise when fransporting items {o
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fulfill item requests.  An example system may inchide a conveyor svstem configured with a
delivery track designed to move pallets of items to a delivery area where pickers can obtain
requested tioms and a recirculation loop configured to keep selected pallcts within the
convevor system. More specifically, the recirculation loop may circulate selected items
nearby the delivery area for easier access rather than allowing the delivery track to carry the
pallets to a repossassion area where vehicles (e g., forklifis) can pick up and retum the palicts
to storage. This way, the recirculation loop can reduce the number of trips required by
vehicles and keep popular ttems readily available within the convevor system rather than
positicned in storage.

{6021} To control when pallets enter or leave the recirculation loop, the conveyor
system may further include a diverter mechanism operable to allow a given pallet o
recirculate on the recirculation loop or divert the pallet to the delivery track. The conveyor
system may inchide a mechanical or electrcal diverter mechanism that can transfer a pallet
between the delivery track and recirculation loop of the convevor system. In some instances,
the diverter mechanism may place pallets onto a given track {eg., debivery track,
recirculation loop) that is also accessible to robotic devices. As such, the robotic devices may
deliver iteras directly to the track and cnable pickers to complete item requests with a
cornbination of items from the recirculation loop and tems received a la carte directly from
the robotic devices.

[6022] In addition to the structural components of the convevor system, the system
may further include a control system configured to perform operations relating to the
conveyor system, including sclecting pallets for the recirculation loop and causing the
diverter mechanism to refcase a circulated pallet to the delivery area when the pickers need
one or more items on the pallet to fulfil item requests. For example, a computing system
serving as the control system may determune and select items for the recirculation loop based
on future demand for the items and other possible considerations, sach as order trends for
tems, sale promotions for fems, quality of the tems, and storage locations for the pallets
holding the items, among other possible considerations. The computing svstem can use a
combination of considerations and weigh the different considerations in vanous ways when
wdentifying items for cireulation within the recirculation loop within examples.

{6623} Afier selecting that a given type of itermn should circulate within the
recirculation loop, the computing systern may operate one or more mobile robotic devices to
position at least one pallet holding the given type of tem mto the recirculation loop. For

example, the computing system may provide instructions to a forklift to obtain and deliver a
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pallet holding a selected type of item to the recirculation loop. The computing svstem can
also cause the diverter mechanism to position a pallet holding a selected item into the
recirculation loop.

[6024] Upon receiving an item request for one or more items stored within the
environment, the computing system may process the request to position the requested items
i the delivery area for pickers 1o assemble a package the fulfills the request accordingly. In
some instances, an item request can come from a business or consumer and may specify an
address for the delivery of requested items. As such, the computing system may receive an
ftem request and initially determine if any requested iterns are currently circulating 1n the
recirculation loop. For instance, the computing system may be configured to check an
mventory that specifies types of items located in the recirculation loop. If the recirculation
loop includes a requested ttem, the computing svstem may cause a diverter mechanism of the
conveyor system to divert a pallet holding the requested item to the delivery track so that the
palict enters wnto the delivery area containing the pickers.

[8025] In some instances, the computing system may determine that an item request
meludes a request for an item or items that are not located within the recircudation loop. In
response, the computing system may control one or more mobile robotic devices o obtain
and load pallets that contain the remaining requesied items onto the convevor system so that
the pickers may access the items to fulfill the item request. For instance, the computing
system ¢an instruct a forklift or ancther vehicle to transport a pallet holding the requested
item from storage to the delivery track of the conveyor system so that the delivery track can
transport the requested item to the delivery area.  The computing system may utilize
communications with the robotic devices as well as sensors information when providing
mstructions o the mobile robotic devices that can pick up and deliver pallets holding items
required to complete item requests from storage.

j0026] In some implementations, the computing system may further be configured to
control pickers that can assemble packages or other configurations using requested items o
fulfill the item requests.  For instance, the computing system may instruct one or more
robotic arms positioned n the delivery arca to select tems from pallets in the convevor
system based on recetved item requests. In a further example, people can serve as the pickers
and assemble packages by selecting items from pallets on the conveyor system in the delivery
arca. As such, a convevor belt or other structure within the convevor system may also serve
as a physical barrier that prevents mobile robotic devices from accessing the arga containing

the people assembling the packages.
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{80627} Referring now to the Figures, Figure 1 illustrates an example pallet-convevor
systern.  As shown, pallet-conveyor system is located in environment 100 and mcludes
forklitts 102, and convevor system 104 configured with delhivery track 106, recirculation loop
108, and diverter mechanism 110, The system additionally includes pallets (e.g., pallet 112},
storage 114, robotic arms 116, astonomous guided vehicles (AGVsy 118, loading vehicle
120, and delivery truck 122. In other implementiations, the system can include more or less
components, including more or less robotic devices, additional convevor belts or storage, etc.
[6028] Environment 100 can correspond to various tvpes of spaces configured with
storage for items, components, and/or other possible materials. For example, eavironment
100 can be a warchouse, delivery center, distribution center or other tvpe of space. and may
melude a fleet of robotic devices configured to perform various tasks, such as item processing
and transportation, among other possible tasks. Environment 100 can also include
components not shown i Figure 1, such ag a computing system configured to control mobile
robotic devices, conveyor system 104, and/or other aspects of environment 100, The
computing system may comnunicate with systems and devices in environment 100,
mchiding providing instructions to robotic devices and recetving mformation {(e.g., sensor
data} from robotic devices or other sensors operating in environment 100,

{029} The robotic fleet shown i environment 100 can be configured to operate
together to perform various operations, such as the organization and transportation of items.
For instance, forklifts 102 may transport items (e.g.. pallet 112} between conveyor system
104 and storage 114. For description purposes hercin, transporting an tiem can comrespond 1o
the transportation of any type of material, item, product, component, or pallet, among other
possibilitics, and should not be limited to mean only the transportation of an item.
Particularly, a mobile robotic device or other type of vehicle can transport tiems singularly or
multiple items during a transportation trip.  These items, components, materials, otc., may be
positioned in various configurations, including positioned on pallets.  As such, forklifis 102
may transpoit one or more pallets in order to move larger amounts of items during a single
trip.  The robot fleet is also shown having robotic arms 116 configured to pick up or
otherwise manipulate items on pallets mn convevor system 104, For instance, robotic arms
116 may select and place requested ttems from conveyor system 104 into outbound packages
to fulfill item requests. Additionally, robotic arms 116 may also be configured to transfer
corapleted packages {(e.g., packages holding all items of a corresponding received item
request) onto other mobile robotic devices (e.g., AGVs 118) or other positions to further

transport the packages.
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{6634} Convevor system 104 corresponds to a system of conveyors {¢.g., convevor
belts} configured to transport iems, pallets {e.g., pallet 112}, etc., within environment 100,
As shown, conveyor system 104 includes delivery track 106, recirculation loop 108, and
diverter mechanism 110, but may include more or less components within other
mplementations.  For instance, conveyor system 104 may include multiple recirculation
loops or multiple deliverv tracks in another implementation. Similarly, components of
conveyor systern 104 can have other configures, such as delivery track 106 extending into
other arcas of environment 100, among other possibilities.

{6631} As mdicated above, conveyor system 104 may be configured fo transport
pallets in environment 100, For instance, delivery track 106 of conveyor svstem 104 can be
configured to move items, pallets, or other matenals o a delivery area where one or more
pickers may be located to select items based on incoming item requests. Particularly, the
delivery arca may correspond 1o an area positioned nearby conveyor system 104 and may
mclude pickers (¢.g., people, robotic devices) that can select items from pallets in convevor
system 104 to assembie packages.

{6632} As shown in Figure 1, delivery track 106 can ¢xist as a convevor belt that can
maove pallets to the delivery area, but can have other configurations in examples. Delivery
track 106 can operate at vanous speeds, including having the ability to reverse direction or
completely stop to allow pickers to select a high number of 1tems from a given pallet. In an
example implementation, a computing system of the pallet-conveyor system: may adjust the
speed and direction of the delivery track 106 and other components of conveyor systern 104,
In some implementations, delivery track 106 may transport items, pallets, or other materials
to the delivery area and beyond the delivery area to a repossession area of conveyor system
104. More specifically, the repossession area may correspond to a portion of delivery track
106 or another component of convevor system 104 where robotic devices {e.g., forklifts 112)
and/or other vehicles can retrieve the pallets to return them to storage 114, In some
examples, delivery track 106 may have a configuration that places the repossession area at a
location within a threshold distance from storage, which mayv cnable robotic devices or other
devices to return the pallets back to storage quicker. Additionally, although an example
conveyor system may melude a repossession arga, robotic devices and other vehicles may be
configured to also pick up pallets at other positions of the conveyor system as well.

[033] Convevor system 104 can further nclude recirculation loop 108 configured to
circulate selected pallets 1 conveyor system 104, Particalarly, recirculation loop 108 may

receive and circulate pallets, etc., selected by a computing system to keep the pallets ncarby

- 10 -
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the delivery arga. Within examples, the size, configuration, and other parameters (e.g.,
shape) of recirculation loop 108 can vary. In addition, in some implementations, a conveyor
system can include multiple recirculation loops that can circulate selecied pallets.

[(034] In a further implementation, recirculation loop 108 may share a conveyor belt
with delivery track 106. For mnstance, recirculation toop 108 can extend from a first point on
delivery track 106 positioned at the end of the delivery area and extend away from the
delivery area to reconnect to the delivery track 106 positioned at the beginning of the delivery
area. This way, recirculation loop 108 may transport pallets from the end of the delivery arca
back to the beginning of the delivery arca. Recirculation loop 108 can also correspond to an
arca without conveyor belts. For instance, recirculation loop 108 can correspond to an arca
positioned nearby the pickers so that pallets positioned m the area are accessibie by the
pickers. Recirculation loop 108 can have other configurations within examples as well.
{035] Conveyor systerm 134 may further include diverter mechanism 110 configured
to allow a given pallet to recirculate on recirculation loop 108 or divert the pallet to delivery
track 106, In some implementations, diverter mechanism 110 can correspond to a
mechanical structure and/or an clecirical configuration that cnables the transfer of pallets
between delivery track 106 and recirculation loop 108, Diverter mechanism 110 may be
configured to operate based on mstructions from a computing system configured to select
pallets for recircolation loop 108, For mstance, the computing system may actively control
diverter mechanism 110 to send selected pallets in recirculation loop 108, Similarly, diverter
mechanism §10 may also switch pallets between delivery track 106 and recirculation loop
108 based on mcoming iem requests and/or the delivery schedules of robotic devices
transporting pallets in environment 100, o further examples, conveyor system 104 can
mclude multiple diverter mechanisms positioned at different locations within conveyor
systern 104.

8036} Environment 100 may be configured with storage 114 to store pallets, such as
pallet 112, A pallet can correspond to a transport structure that supports items in a stable
configuration during transportation and may cnable efficient transportation of smaller items
m bulk. The shape, size, and other parameters of pallets used within examples can vary.
Additionally, each pallet may hold a different type of #tem with some pallets holding
combinations of different types of items. Storage 114 can include physical structures that
enable stacking and organization of pallets. As an example ilustration, storage 114 may
store pallets of items based on tvpes of items or other parameters. In further examples, items

can be labeled with some form of unique ttem identification label or marking that provides
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specific ttem wnformation. Examples of unigue item identification labels can melude Uniform
Product Code (UPC) and Stock-Keeping Unit (SKU) labels. As such, a computing system
can reference the labels when fulfilling received item requests. In some mnstances, the
wdentification labels can indicate a position of the items within storage 114,

{6637} Robotic arms 116 can correspond to robotic devices configured with
manipuiators for transferring itermns from pallets to assemble packages to fulfill requests for
those items. For example, robotic arms 116 can have stationary positions within the delivery
area that enables manipulators of robotic arms 116 to select items from pallets positioned on
delivery track 106 proximate to the delivery arca. As such, robotic arms 116 can serve as
pickers to assist in assembling outbound packages that include requested items. In some
mmplementations, robotic arms 116 can have other positions within environment 100,
mclading respective positions that enable robotic arms 116 to transfer completed packages
oo other mobile robotic devices {eg.. AGVs 118) for ouvtbound transportation.
Additionally, in further examples, robotic arms 116 can also be non-stationary with physical
mechanisms that enable movement by robotic arms 116 within environment 100,

{6638} As ndicated above, AGVs 118 can correspond to avtonomous robotic devices
configured to transport items and/or packages throughout environment 100, For instance, an
AGVY may receive a package from a given robotic arm and transport the package to loading
vehicle 120 for placement into delivery truck 122, Similar to other robotic devices, loading
vehicle 120 corresponds to another type of mobile robotic device that can be configured o
transport items, packages, and other materials.

{6639} Figure 2A 1s a simphified block-diagram of an example computing system 200
that can perform various acts and/or functions, such as those described in this disclosure. For
mstance, computing systern 200 can scrve as a cootrol system and control aspects of
envitonment 100, including controlling operations of robotics devices and convevor system
104. As such, computing system 200 can include various components, such as processor 202,
data storage unit 204, commumcation interface 206, and/or user interface 208, The
components of computing system 200 can be connected to each other (or to another device,
system, or other entity} via connection mechamism 210, In this disclosure, the term
“comnection mechanism” means a mechanism that facilitates communication between two or
more devices, systems, or other entities. For instance, a connection mechanism can be a
simple mechanism, such as a cable or system bus, or a relatively complex mechanism, such
as a packet-based communication network {(eg., the Internet}. In some instances, a

ot

connection mechanism can inchide a non-tangible medium {¢.g., where the connection is
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wireless). Computing system 200 can mehude more or less components m other example
implementations.

{8040} In some implementations, computing systera 200 can operate as a control
gystern and further include separate svstems for controlling the convevor system and
controlling robotic devices. For example, computing system 200 may communicate with
other computing devices to form the control system that coordinates operations between the
convevor system and robotic devices.  An cxample control system may have other
configurations within implementations, sach as operating as a single or multiple entities. For
mstance, a control system 1o basic form can include a processor, data storage with program
mstructions, and communication interfaces for sending control instructions to other systoms,
such as robotic devices and convevor systems.

68341} Processor 202 may correspond o a general-purpose processor {eg., a
microprocessory and/or a special-purpose processor {€.g., a digital signal processor {BSP)).
In some mstances, computing systermn 200 may mclude a combination of processors.

{6042} Data storage unit 204 may include one or more velatile, non-volatile,
removable, and/or non-removable siorage components, such as magnetic, optical, or flash
storage, and/or can be infegrated 1n whole or mn part with processor 202, As such, data
storage unit 204 may take the form of a non-transitory computer-readable storage medium,
having stored thereon program instructions {e.g., compiled or non-compiled program logic
and/or maching code} that, when executed by processor 202, cause computing system 200 to
perform one or more acts and/or functions, such as those described i this disclosure.
Computing system 200 can be configured to perform ong or more acts and/or functions, such
as those described m this disclosure. Such program instructions can define and/or be partof
discrete software application. In some instances, computing systern 200 can execute program
mstructions m response fo receiving an input, such as from communication nterface 206
and/or user interface 208, Data storage unit 204 may also store other types of data, such as
those types described in this disclosure.

[06043] Communication interface 206 can allow computing systerm 200 to connect o
and/or communicate with another other entity according to one or more protocols. In an
example, communication interface 206 can be a wired mterface, sach as an Ethemet interface
or a high-definition serial-digital-interface (HD-SD1). In another example, communication
miterface 206 can be a wircless imnterface, such as a cellular or WI-FI mterface. A connection
can be a dirsct connection or an indirect connection, the latter being a connection that passes

through and/or traverses one or more entities, such as such as a router, switcher, or other
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network device.  Likewise, a transmission can be a direct transmission of an indirect
transmission,

[0044] User interface 208 can facilitate interaction between computing system 200
and a user of computing system 200, if applicable. As such, user imterface 208 can mclude
mput components such as a kevboard, a keypad, a mouse, a touch-sensitive panel, a
microphone, and/or a camera, and/or output components such as a display device {which, for
example, can be combined with a touch-sensitive panel), a sound speaker, and/or a haptic
feedback svstem. More generally, user interface 208 can include hardware and/or software
compeonents that facilitate interaction between computing system 200 and the user of the
computing device system.

[(045] As dicated above, computing system 200 may be configured to control
aspects of environment 100, such as coordinating operation of robotic devices operating in
environment 100 and controlling aspects of conveyor system 104, For mstance, computing
system 200 may determine delivery schedules for forklifis 102 that mdicate when cach
forklift will deliver or pick up a given pallet at convevor system 104, In some instances,
computing system 200 may determine a delivery schedule for a given robotic device that
ncludes a series of operations of the robotic device. As an example, computing systerm 200
may determune a delivery schedule that mdicates operations for forklift 102 for an entire
period of time {e.g., 12 hours) and adjust the debvery schedule using subsequent information
received from forklift 102 {e.g., sensor data), other robotic devices, and/or other systems
{c.g.. a sensor system) positioned in environment 100, In some tmplementations, computing
system 200 may be configured coordinate operations for multiple robotic devices, inclading
aligning delivery schedules so that robotic devices do not gencrate excess traffic nearby
conveyor system 104, For instance, computing systemn 200 may assign pick up and deliveries
of pallets using future demand values for tems stored on said paliets m storage 114 in
environment 100 for the robotic fleet. This way, computing syvstem 200 may provent a
robotic device (o.g., forklift 102) from traveling extra distance when another robotic device is
free and capable of picking up the same pallet while traveling a shorter distance.

0046} Computing systern 200 may also be configured to control convevor svstem
104, meluding delivery track 106, recirculation loop 108, and diverter mechanism 110, For
mstance, computing system 200 may control the direction and speed at which deliver track
106, recirculation loop 108, and other components of convevor svstem 104 transport pallets.
As an example, compating system 200 may stop delivery track 106 when a given pallet 15

positioned 1 front of pickers, such as robotic arms 116 to enable the pickers to assemble
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packages based on received incoming requests. Computing system 200 may further be
capable of controlling diverter mechanism 110 to select pallets for entering and leaving
recirculation foop 108, As such, computing system 200 may choose which pallets remam
tocated within convevor system 104 and which pallets may be returned back to storage 114
by robotic devices {e.g., forklift 102A and forkhift 102B).

[6047] Figure 2B shows example forkhift 102, which illustrates one possible
representation of a mobie robotic device that can transport pallets and items n an
enviromment. In other implementations, forkdift 102 can have different configurations. As
shown, forklift 102 includes forklift mechamsm 214 that can Lift and move pallets or items.
In some examples, forklift 102 may clevate forklift mechanism 214 to reach different racks of
a storage rack or other fixed storage structure. Forkhift 102 also includes wheels 216 that
enable locomotion to transport pallets or items. Additionally, forkhift 102 may include other
components, such as a motor, power supply, sensor system, cte.

10048] In some implementations, forklift 102 may operate autonomously. For
mstance, forklift 102 may communicate with a computing svstem that controls aspects (e.g.,
conveyor sysiem 104} of environment 100 and perform operations based on mstructions from
the computing system. Forklift 102 can also be operated by a human operator in some
examples.

[B049] Figure 2C illustrates example robotic arm 116, As shown, robotic arm 116
mcludes gripper 222, manipulator 224, and pedestal 226, but may include more or less
components within other cxample mmplementations.  For instance, in another cxample
mplementation, robotic arm 116 can mclude multiple manipulators. Robotic arm 116 can
have a stationary position {e.g., in 8 delivery area) in environment 100 that enables robotic
arm 116 to pick up, move, and/or otherwise manipulate items within reach, such as items
positioned on pallets. Robotic arm 116 can also have a non-stationary configuration that
enables robotic arm 116 to change position.  For example, robotic arm 116 can include
wheels or have a position on a track that enables changes in position and orientation.

[06650] As shown in Figure 2C, robotic arm 116 mcludes manipulator 224 configured
with gripper 222, The combination of mampulator 224 and gripper 222 can enable robotic
arm 116 to pick up and move nearby items, such as to compile items in packages and/or to
distribute items or packages to another mobile robotic devices. Robotic arm 116 can include
other grippers or other manipulators within other taplementations.  In some examples,
robotic arm 116 may also be operable to construct and/or deconstruct pallets or other items.

Pedestal 226 can serve as a base for robotic arm 116 and can have various configurations
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within examples. In some nstances, pedestal 226 can include an actuator to enable a control
systern to adjust the height of robotic arm 116, In additional examples, rcbotic arm 116 may
also mclude one or more sensors to identify items, pallets, and/or other robotic devices within
the vicinity of robotic arm 116.

{0051} Figure 2D shows example autonomous guided vehicle (AGV) 118, As such,
AGY 118 can have configuration that ¢nables transportation of individual #iems, packages, or
other possible materials throughout a space, such as eovironment 100, AGV 118 may include
wheels 232 and/or other mechanisms that allow for locomotion, and may use top surface 234
for placing items, packages, or other materials for transport. In some examples, top surface
234 may include rotating convevors to move objects to or from AGY 118, AGY 118 may
utiize power from various sources, such as batteries. In further examples, AGV 118 may
additionally include other components not specifically identified here, such as sensors for
navigation. AGVs with different shapes and sizes also may be included within a robotic
fleet, possibly depending on the types of packages handled in the space.

[0052] Figure 2F illustrates an example loadmg vehicle 120, Loading vehicle 120
may include robotic arm 242 with gripping component 244 for gripping objects within the
environment. Robotic arm 242 mayv use gripping component 244 to pick up and place
packages to load or unload trucks or other containers. Loading vehicle 120 may also mcelude
moveable cart 252 with wheels 254 for locomotion.  Additionally, wrap around front
convevor belt 250 may be included on loading vehicie 120. In some examples, wrap around
front convever belt 250 may allow loading vehicle 120 to unload or load packages from or to
a truck container or pallet without having to rotate gripper 244,

[8053] In further examples, a sensing system of loading vehicle 120 may use one or
more sensors attached to robotic arm 242, such as sensor 246 and sensor 248, which may be
two~dimensional (2D) sensors and/or 3D depth sensors that sense information about the
environment as robotic arm 242 moves.  The sensing system mayv determineg information
about the environment that can be used by a control system (e.g.. a computer running motion
planning software} to pick and move packages or items cfficiently. The control system could
be located on the device or could be in remote communication with the device. In further
examples, scans from one or more 2D or 3D sensors with fixed mounts on a mobile base,
such as front navigation sensor 256 and rear navigation sensor 253, and one or more sensors
mounted on rbotic arm 242 may be imtegrated to build up a digital model of the
environment, including the sides, floor, ceibing, and/or front wall of a truck or other

container. Using this information, the control system may cause the mobile base to navigate
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mto a position for unloading or loading,

{0654} Figure 3 depicts another example pallet-conveyor system.  Similar to the
example pallet-conveyor system depicted in Figure 1, the cxample system illustrated
Figure 3 shows environmeni 300 with various contents, including storage 302, mobile robotic
devices {mobile robotic device 304A, mobile robotic device 304B, mobile robotic device
304C, mobile robotic device 304D), and conveyor system 306 configured with delivery track
308, recirculation loop 310, diverter mechanism 312A, and diverter mechanism 312B. In
addition, environment 300 also includes pickers (e.g., picker 314), packages (e.g., package
316}, robotic arms 318, and AGVs 320, Although the components illustrated in Figure 3 can
fully umplement a pallet-conveyor system, other example svstems can include more or less
components, including additional convevors, and robotic devices, ete.

{EERRY! Storage 302 represents an area of environment 300 that may hold items,
pallets, or other possible materials, and may include physical structures {(¢.g., shelves} that
enable the organization of pallets or 1terns. Although storage 302 1s shown positioned in the
gpper left comer of environment 300, storage 302 can have locations in other areas of
enviromment 360 in other implementations.

[0056] Mobile robotic devices 304A-304D represents the various types of robotic
devices that may transport items, pallets, etc., in environment 300, As such, the type and
configuration of mobile robotic devices 304A-304D can vary within implementations. For
mstance, mobile robotic device 304A can correspond to a forklift that can retricve pallets of
ttems from storage 302 and drop off the pallets in convevor systern 306, During operation,
mobile robotic devices 304A-304D can communicate with a computing system controlling
conveyor system 306 and may be configured to perform operations according to instructions
provided by the computing systent. Mobile robotic devices 304A-304D may also provide
mformation to the computing system, such as delivery times and other information relating to
the transportation of pallets.

[6057] As shown, convevor system 306 is configured to transport diems and pallets
throughout covironment 300, and further includes delivery track 308, recirculation loop 310,
and diverter mechamsms 312A-3128B. Conveyor system 306 can include ground level or
clevated conveyor belts and/or other types of mechanical structures configured to transport
pallets holding items.  As such, the size, configuration, general lavout, and other parameters
of convevor systern 306 can differ i example implementations.

[058] Delivery track 308 is shown extending from the left boundary of environment

300 to the right boundary of environment 300, but can bave other positions. In some
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mnplementations, delivery track 308 may extend into multiple rooms of an environment and
may have other configurations, such as a circular or rectangular configuration that does not
include a start and end point overall.  In some tmplementations, convevor system 306 can
further mclude multiple delivery tracks configured to transport pallets to one or more delivery
arcas. For mstance, a large environment may melude multiple delivery tracks that can
transport pallets to different delivery areas containing pickers that assemble outbound
packages according to incoming e roequests.

{8059} As shown, delivery track 308 can include drop off area 322 {c.g., pallet
delivery area} and repossession area 324 that represent potential locations where mohile
robotic devices, such as mobile robotic devices 304A-304D, may deliver and retreve pallets,
respectively. However, in some implementations, the mobile robotic devices can also deliver
and retrieve pallets and items to different portions of convevor system 306, such as directly to
recirculation loop 310.

{6660} Recirculation loop 310 is shown as a physically separate rectangular convevor
belt with one belt positioned proximate to delivery track 308 to enable diverter mechanisms
312A-312B to transfer pallets between recirculation loop 310 and delivery track 308
However, in other implementations, recirculation loop 310 can utilize a portion of delivery
track 308, such as the portion of dehivery track 308 positioned m the delivery area nearby
pickers 314, As shown m Figure 3, recirculation loop 310 may receive and circulate selected
palicts to maintain the pallets in conveyor system 306. This way, a computing system can
choose pallets to keep nearby pickers rather than allowing delivery track 308 to transport the
pallets to repossession area 324 for mobile robotic devices to pick up and return to storage
302.

{8061} As shown, conveyor system 306 can inciude one or more diverter
mechanisms, such as diverter mechanism 312A and diverter mechamsm 312B that can
manipulate when a pallet enters or leaves recirculation foop 310, More specifically, in the
example system ilustrated in Figure 3, diverter mechanism 312A may be configured to
transport selected pallets into recirculation loop 310 prior to the pallets reaching the delivery
area containing pickers 314. Diverter mechamsm 312A may also transfer circulated pallets
back on delivery track 306 so that pickers 304 may select requested items from the pallets.
Similarly, diverter mechanism 312B may be configured to divert pallets info recirculation
loop 310 after delivery track 306 camries the pallets through the delivery area. Diverter
mechanism 312B mayv also divert pallets circolating in recirculation loop 310 back on

delivery track 306 to repossession area 324,
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8062} In some implementations, conveyor system 306 may mclude only diverter
mechanism 312A or diverter mechanism 3128, Similarly, convevor system 306 may also
nclude other diverter mechanisms with different positions in conveyor system 306,

(063} Environment 300 further includes pickers 314 positioned in the dehivery area
nearby delivery track 308, Pickers 314 may select items from pallets positioned on delivery
track 302 to place intc packages. For instance, pickers 314 may select items based on
recetved item requests to assemble packages that correspond to the requests for outbound
delivery. Ag indicated above, pickers 314 can correspond fo robotic devices or people that
may select items from pallets in delivery area as the pallets travel on delivery track 306.
{0064} Robot arms 318 may transport packages 316 from an assembling position to
AGVs 320 for further transportation.  As shown mm Figure 3, robot arms 318 can adjust
positions along the assembling area to pick up different packages 316 as pickers 314
complete placing requested iterns within packages 316, In other implementations, robot arms
318 can operate as pickers and assemble packages according o incoming ifem requests.
AGVs 320 may transport packages 316 to another location of environment 300, such as an
area containing a loading vehicle, other vehicles, or people that can place the complated
packages 316s mto a delivery truck for outbound delivery.

[(065] Figure 4 depicts another gxample pallet-convevor system. Similar 1o the
example implementation tlustrated in Figure 3, environment 400 includes a conveyor system
402 with another example configuration for transporting pallets to fulfill item requests.
Convevor systern 402 includes delivery track 404, multiple recircudation loops (ic,
recircolation loop 406 and recirculation loop 408), and multiple diverter mechanisms (ie.,
diverter mechanism 410, diverter mechanism 412, diverter mechanism 414, and diverter
mechanism 416}, In other implementations, convevor system 402 can include more or less
coraponents, such as more or less recirculation loops or more or less diverter mechanisms.
{0066} As shown i Figuare 4, convevor system 402 inchudes delivery track 404
configured fo transport received pallets of items or individual items through a delivery area
and may be configured to transition the pallcts 1o a repossession arca where mobile robotic
devices can pick up and retum the pallets to storage in environment 400, Delivery track 404
can be configured with a conveyor belt that is shared by recirculation loop 406 and
recirculation loop 408 as illustrated. In particular, a portion of the loops of recirculation loop
406 and recirculation loop 408 corresponds to the same convevor belt as delivery track 404,
{3067 Recirculation loop 406 1s shown as the mner, smaller recirculation loop of

conveyor system 402, Ag such, recirculation loop 406 may be configured to recirculate
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pallets within conveyor system 402 to keep the pallets close to the debvery area.
Recirculation loop 406 shares a portion of delivery track 404 and can further use diverter
mechanisms 410-412 1o sclect paliets to circulate in recirculation loop 406,

[(3068] Similar to recirculation loop 406, recirculation loop 408 can also circulate
pallets within convevor system 402, As shown, recirculation loop 408 has a bigger
configuration positioned arcund recirculation loop 406, which can enable pallets positioned
m recirculation loop 408 to travel more within recirculation lop 408 than recirculation loop
406. However, in some instances, recirculation loop 406 can maintain pallets longer than
recirculation loop 408 when recirculation loop 406 transports the pallets at a slower pace.
Additionally, a computing system may control operation of both recirculation loops 406-408
and can cause one or both to stop, reverse direction, or perform other possible operations.
Recirculation loop 408 can utilize diverter mechanisms 414-416 to transfer pallets between
delivery track 404 and recirculation loop 408.

[06665] Figure 5 15 a flowchart of an example method 500 for implementing a pallet-
conveyor system. Method 500 represents an example method that mav imclude one or more
operations, functions, or actions, as depicted by one or more of blocks 502, 504, 506, 308,
and 510, cach of which may be carricd out by computing system 200 described in Figure ZA,
but other systems can also be used. Those skilled m the art will understand that the flowchart
described hergin llustrate functionality and operation of certain tmplementations of the
present disclosure. In this regard, cach block of the flowchart may represent a module, a
segment, or a portion of program code, which includes one or more instructions exccutable
by a processor {e.g., processor 202} for implementing specific logical functions or steps in the
process. The program code may be stored on any type of computer readable medinum, for
example, such as a storage device including a disk or hard drive {c.g., data storage unit 204).
{070} In addition, each block may represent civcuitry that is wired to perform the
specific logical fimctions in the process. Alternative mmplementations are included within the
scope of the example mmplementations of the present application in which functions may be
exccuted out of order from that shown or discussed, including substantially concurrent or in
reverse order, depending on the functionality involved, as would be understood by those
reasonably skilled in the art. In examples, a control system, such as computing system 200
configured o control a conveyor system, may perform one or more blocks of method 500,
{6671} At block 502, method 500 includes selecting an item to keep m circulation on
a recirculation loop of the convevor system based on future demand value for the item.  As

mdicated above, a control system {e.g., computing system 200} may be configured to control
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aspects of an environment, including mobile robotic devices and/or a convevor svstem
located therein. The computing system serving as the control system may instruct mobile
robotic devices to perform operations, such as the transportation of pallets holding items
between storage and the conveyor system. In some instances, the computing system can
control and coordinate the delivery of pallets at the convevor system to enable efficiently
assembly of packages by pickers that fulfill tem requests.

{0072] The computing system may also be configured to select an item or items to
maintain within the convevor system by placing the items or pallets holding the items i a
recirculation loop of the convevor system. More specifically, the computing systerm may
select a palict or pallets of items or the items individually to cireulate within the convevor
gystern 1 the recirculation loop based on future demand for the tems. For mstance, the
computing system may choose to place items that will likely be requested in subseqaent item
requests within in the recirculation loop so that these items are more casily available to
pickers when the pickers are completing the mconung ttem requests.  Placing iteras within
the recirculation loop can reduce the number of trips required by vehicles transporting items
between storage and the conveyor system.

[0073] The computing system may determine the future demand for items based on a
variety of parameters within examples. For instance, the computing svstem can estimate
future demand for items using previously received item reguests. In some implementations,
the computing system may analyze prior order trends that correspond to the same period of
the vear to estimate future demand for tems. As an example, the computing system may
cstimate that future demand for ttems, such as candy and Halloween costumes, will hkely
merease during October and further predict the future demand for the items based on related
item requests from past Octobers. In another example, the computing system may determine
future demand values for scasonal 1tems {¢.g., Christmas lights) based on past demand values
for these items during a similar period. In an mplementation, the computing system may
receive mformation indicating the future demand for ftems from another computing device
{c.g., aserver).

10074} The computing system may also select items for the recirculation based on
other possible considerations.  For example, the computing system may select items to keep
i the recirculation loop by determining and using a delivery schedule that mdicates times
when mobile robotic devices or other vehicles will drop off pallets of items at the convevor
system.  The computing system can determine the debivery schedule based on

communications with mobile robotic devices and/or other vehicles. For mstance, the
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computing system may control operations of mobile robotic devices {¢.g., forklifis) delivering
and removing pallets between the conveyor system and storage. The computing system may
develop the delivery schedule based on information provided by the mobile robotic devices
and other possible vehicles. Particularly, the computing system may receive information
mdicating delivery times and other transportation information from the robotic devices and
vehicles. The computing system can also develop the delivery schedule based on instructions
provided to the mobile robotic devices and other transportation vehicles. For instance, the
computing system may develop the delivery schedule based on instructions that mdicate
which pallets to retrieve and expected delivery or removal times for the pallets.

{0075] As such, the computing system may configure the deliverv instructions based
on instructions provided to the mobile robotic devices that mdicate which pallets to retnieve
and when to deliver or remove the desired pallets with respect to the conveyor system. In
some implementations, the computing system ¢an adjust the delivery schedule using
mformation provided by scnsors operating i the environment, including mmformation
provided by sensors positioned on the mobile robotic devices and/or other vehicles. The
computing system may use a determined delivery schedule when selecting items to keep n
the conveyor system in the recirculation loop.

[076] In another implementation, the computing systemn may select items to keep in
circulation on the recirculation loop based on current or future sale promotions for the items.
In particular. a sale promotion for a given item may cause a rise in incoming requests for that
tem since conswmers may sclect the ttem duc to a discount or the additional publicity
awarded towards the item via the sale promotion. As such, the computing system may
determine that holding one or more pallets holding promoted items in the recirculation loop
of the conveyor system may help promote cfficiency by keeping the promoted items closer to
the pickers that assemble packages fulfilling the item requests. The computing system may
use information indicating varicus sales for items in combination with other information
{e.g.. debivery schedule) when selecting pallets for circulating within the recirculation loop.
16077} In an example implementation, the computing system controlling the conveyor
system may select items to keep in circulation afier factoring the weights of the items and/or
weights of the pallets holding the tems. For example, the computing system may consider
keeping a pallet of heavier tems in the recirculation loop when the foture demand for the
heavier iters is high enough to warrant keeping the items close to the pickers and to avoid
vwrmecessary stress upon mobile robotie devices or other vehieles that transport the pallets. In

a similar example, the computing system may also factor the quantity of items positioned on
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a given pallet when determining whether or not to position that pallet in the recirculation
loop. For instance, the computing system may maintain a pallet that holds a high nomber of
itoms in the recirculation loop since that pallet contains enough tems fo fulfill a large number
of incoming item requests.

{6078} In another implementation, the computing system may select pallets for the
recircilation loop based on the quality of the items positioned on the pallets. For instance,
the computing system may select a pallet containing fragile items to rocirculate in the
recircelation loop of the convevor system to reduce the amount of transportation that the
fragile 1ems encounter via the forklifts or other vehicles moving the paliet between the
conveyor svstem and storage.

{079} In some implementations, when selecting items for the recirculation loop, the
computing system may determune and use an order trend that may assist the computing
system to predict fisture item requests. Sioular to future demand, the computing system may
consider various factors to develop an order trend that estimates future guantitics of requests
for particular 1tems based on past orders, sale promotions, time of year, and other possible
considerations.  Additionally, the computing system controlling aspects of the convevor
systermn may be contigured to sclect pallets for the recirculation loop based on other possible
considerations within examples.

3080} In a further implementation, the computing system may select items for the
recirculation loop based on deliverv times associated with the items. For instance, the
computing svstem may position items that are associated with a same-day delivery option in
the recirculation loop. Similarly, the computing system may also position items associated
with gther short-term dehbivery options {e.g., two-day delivery} in the recirculation loop in
order to keep the ttems readily avatlable for the pickers to access.

{081} At block 504, method 300 includes causing a mobile robotic to maintain at
least one pallet of each selected item in circulation on the recirculation loop. After selecting
ttems for the recirculation loop, the computing system may further control one or more
mobile robotic devices and/or other vehicles to maintain one or more pallets for cach selected
item within the recirculation loop. For instance, the computing svstem may provide
mstractions to auvtonomous forklifis or other types of vehicles to deliver pallets containing
one or more of the selected pallets in a manner so that the pallets can enter into the
recirculation foop.

6082} In some examples, mobile robotic devices can deliver pallets holding the items

or the items directly into the recirculation loop. For instance, in implementations the
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recircalation loop corresponds to a conveyor belt, a given vehicle can drop off a pallet
directly on the convevor belt.  fn other examples, mobile robotic devices may deliver the
pallets holding the ttems or the itoms on other portions of the conveyor system. To illustrate,
a mobile robotic device may deliver a pallet holding a type of selected tems on the delivery
track that can transport the pallet into the recirculation loop with assistance from a diverter
mechanism. In some instances, the computing system may determing that a selected itom s
alrcady positioned on a pallet on the delivery track and cause a diverter mechanism to
reposttion the pallet in the recirculation loop.

HEER] At block 506, method 500 includes receiving an item request. The computing
system or another svstem may reccive ttems requests for one or more items stored in the
environment that can correspond to sale orders received from businesses or consumers or
other types of item requests. As an example llustration, the computing system may receive
customer orders containing information indicating which items are requesied and a delivery
address for sending a package containing the requested items. In some implementations, a
given item request can include identification labels {e.g., UPC or SKU labels) that may assist
the computing systemn in identifying items. As such, the computing system may process the
mconing item requests to determine which items to position at the delivery area or another
tocation where pickers can assemble packages that fulfiil the item requests.

j3084] In an example implementation, the computing system may configure the
conveyor system and mobile robotic devices to complete item requests (e.g.. orders) based on
the deliverv dates associated with each item requests. For example, a consumer may provide
additional funds to receive an order at an carlier delivery date (¢ g., same day delivery}. As
such, the computing system may factor the delivery date when determining the order for
completing the item requests. Hems requests can also be fulfilled based on sales branch,
delivery route, or other possible considerations. In a further implementation, the computing
system controlling the conveyor system may sort received tem requests by mumber and tvpe
of products required to complete the request.

{6085] At block 508, method 500 includes determining that a requested item is
available from the recirculation loop. In response to receiving an item request, the computing
system may determine that one or more items within the item request are positioned in the
recirculation loop. For instance, the computing system may analyze the ifem request fo
wdentify any requested items that have been previousty directed to the recirculation loop. The
computing system may use item identification marks or other processes to detect when items

are located in the recirculation loop so that the computing system can identify when a
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requested tem is in the recirculation loop.

HEEY At block 510, method 300 includes, responsive to a determination that the
requested itom 1s available, causing a diverter mechanism of the convevor system to divert
the requested item from the recirculation loop to a delivery track of the convevor system. For
mstance, after determining that a requested ttem 1s located in the recirculation loop, the
computing system can cause the pallet holding the requested item to change locations {e.g.,
switch convevor belts) so that the requested ttem enters the delivery arca for the pickers to
obtain.

{8087} In an example tmplementation, the computing sysiem may maintain a list or
other form that mdicates the types of ttems currently positioned within the recirculation loop.
As such, the computing system can cause the diverter mechanism to divert a pallet or pallets
holding the ttems from the recirculation loop to a delivery track of the convevor system that
can transport the pallets to a delivery area where the pickers may select iterns from the pallets
to fulfill the item requests. As previously discussed, a diverter mechanism may be configured
to allow a given pallet to recirculate on the recirculation loop and also to divert the given
pallet to the delivery track.

[G088] In some mmplementations, method 300 may further include the computing
system causing a mobile robotic device to obtain and load pallets of remaining requested
items onto the convevor system, such that the remaining requested items are provided at the
delivery area. In some instances, the computing system may determine that the recirculation
loop does not include one or more items requested within a received item request. As a
result, tn order to complete a package that fulfills the entire ftem requoest, the computing
systern may provide instructions to robotic devices and/or other vehicles to pick up remaining
items from storage and deliver the items to the conveyor system so that the pickers can obtain
the items.

jG089] In a further aspect, the computing system can provide instructions o one or
morg mobile robeotic devices to immediately retrieve requested items that are not located
within the recirculation foop. For mstance, the computing system can receive an item request
that includes multiple items and determine that one or more items are located only within
storage. Accordingly, the computing system can provide instractions to robotic devices to
obtain the requested ttems from storage. In g further example, the computing system may
also determing that a requested item is currently being transported by a robotic device to the
convevor system. As such, the computing system may provide instructions for the robotic

device to speed up that item’s delivery to the conveyor system and/or change the location of
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the delivery by the robotic device to position the item closer (o the pickers. Additionally, in
some instances, the computing system may not provide any instructions after determining

that a robotic device is alrcady transporting a remaining requested item to the conveyor

53
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v stern,

HEBC In another implementation, the computing system may relay mstructions to a
mobile robotic device or other type of vehicle 1o add obtaining a pallet holding a given item
to the device’s list of tasks. Particularly, the computing system may instruct the robotic
device to obtain the pallet of the requested item after completing other tasks already assigned
tasks.

{6031 ] In some implementations, method 300 may further include a computing
gyster causing a picker device to remove the requested items from pallets at the delivery area
i order to fulfill the one or more item requests.  As indicated above, the computing system
may utilize the conveyor system to position Hems in a delivery area that enables pickers to
select the items to fulfill the received item requests.

{6692} In an example implementation, the compoting system mayv control one or more
operations of the pickers. For instance, the computing system may instruct the pickers to
seloct requested items and assemble packages to fulfill item roquests. As such, the pickers
can correspond to various types of robotic devices (¢.g., robotic arm 116) or other possible
mechanical structures. The guantity, position, and other parameters relating to the pickers
can vary within implementations. For instance, a larger conveyor system may include more
pickers than a smaller convevor system. Additionally, a conveyor systera can include
multiple delivery areas containing pickers to increase the overall cutput of the convevor
system.

[B093] In another example implementation, people can serve as pickers and select
ttems from pallets on the convevor system to assemble packages according to received item
requests. As such, an example conveyor system can include one or more conveyor belts {e.g.,
delivery track) or other physical structures serving as a physical barrier that separates the arca
containing robotic dovices and vehicles transporting pallets of itoms to the conveyor svstem
and the people assembling packages using items from the pallets.

8094} The present disclosure s not to be himited in terms of the particular
implementations described in this application, which are intended as dlustrations of varnous
aspects. Many modifications and vanations can be made without departing from 1ts spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent methods and

apparatuses within the scope of the disclosure, in addition to those enumerated herein, will be
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apparent to those skilled in the art from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the appended claims.

[B095] The above detailed description describes varnous features and functions of the
disclosed systems, devices, and methods with reference 1o the accompanving figures. In the
figures, similar symbols typically identify similar components, onless comtext dictates
otherwise. The example implementations described herein and in the figures are not meant to
be imiting. Gther tmplementations can be utilized, and other changes can be made, without
departing from the spirit or scope of the subject matter presented herein. B will be readily
paderstood that the aspects of the present disclosure, as generally described herein, and
illustrated in the figures, can be arranged, substituted, combined, separated, and designed in a
wide variety of different configurations, all of which are exphicitly contemplated herein.
3096} The particular arrangements shown 1o the figures should not be viewed as
limiting. [t should be understood that other tmplementations can include more or less of each
clement shown in a given figure. Further, some of the tlustrated clements can be combined
or omitted. Yet further, an example implementation can mclade elements that are not
tHustrated in the figures,

[0097] While various aspects and implementations have been disclosed herein, other
aspects and mmplementations will be apparent to those skilled in the art. The various aspects
and implementations disclosed herein are for purposes of illustration and are not intended to
be limiting, with the trug scope being mdicated by the following claims.

{6098] In situations in which the systems discussed here collect personal information
about users, or may make use of personal information, the users may be provided with an
opportunity to control whether programs or features collect user information (e.g.,
mformation about a user's social network, social actions or activities, profession, a user's
preferences, or a user's current location), or to control whether and/or how to receive content
from the content server that may be more relevant to the user. In addition, certain data may
be treated in ong or more ways before i is stored or used, so that personally identifiable
mformation is removed. For example, a user's identity may be treated so that no personally
identifiable mformation can be determuned for the user, or a user's geographic location may
be generalized where location information is obtained (such as to a city, ZIP code, or state
level), so that a particular location of a user cannot be determined. Thus, the user may have

control over how mformation is collected about the user and used by a content server.
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CLAIMS

What s claumned is:

I. A system comprising:

a convevor system comprising: {1} a delivery track arranged to move pallets to a
delivery area, (i1} a recirculation loop, and (1) a diverter mechanism, wherem the convevor
system 1s located in an environment comprising storage for a plurality of items, and wherein
the diverter mechanism is operable to divert a pallet o the debivery track; and

a control svstem configured to:

compare future demand values for at least two of the plurality of items;

based on the comparison, sclect an item to keep in circulation on the
recircadation loop;

causc a mobile robotic deviee to maintain a pallet of the selected tem
circulation on the recirculation loop;

receive an Hem request;

determine that a requested ttem is available from the recirculation loop; and

cause the diverter mechanism to divert the requested item from the

recirculation loop to the delivery track.

2. The system of claim 1, wherein the control systen 15 further configured to:

cause a mobile robotic device to obtain a pallet of a remaining requested em and
lsad the pallet onto the convever system, such that the remaming requested item is provided
to the delivery area; and

cause a picker device to remove one or more requested items from pallets at the

delivery area in order to fulfill the item request.

3 The svstem of claim 1, wherein the mobile robotic device 1s an autonomous

forklift.
4, The system of claim 1, wherein the convevor system further comprises a

repossession arca, and wherein the delivery track 1s further arranged to move pallets from the

delivery area to the repossession area.
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5. The system of claim 4, further comprising a mobile robotie device configared
to obtain a pallet on the conveyor system from the repossession arca and 1o return the pallet

to a storage located in the environment,

6. The system of claim 1, wherem the control system further 15 configured 1o
select the item to keep in circulation on the recirculation loop also based on a storage location

of the pallet holding the item in the covironment.

7. The system of claim 1, wherein the control system further is configured to
select the ttem to keep 1 circulation on the recirculation loop also based on an order trend

determined using past demand values for the item.

8. The system of ¢laim 1, wherein the control system further is configured o
select the item to keep in circulation on the recirculation loop also based on a quality value of

the item.

9. A method comprising:

sclecting, at a computing syvstem controlling a conveyor svstem located in an
environment comprising storage for a plurality of items, an item to keep in circulation on a
recirculation loop of the conveyor system based on fitore demand value for the item;

causing a mobile robotic device to maintain a pailet of the selected item in circulation
on the recirculation loop;

receiving, at the computing system, an iiem request;

determining that a requested item is available from the recirculation loop; and

responsive to a determination that the requested item is available, causing a diverter
mechanism of the conveyor system to divert the requested item from the recirculation loop to
a delivery track of the conveyor system, wherein the diverter mechanism is operable to divert
the pallet to the delivery track, and wherein the delivery track is arranged to move pallets to a

delivery area.

10. The method of ¢laim 9, further comprising:
causing a mobile robotic device to obtain and load a pallet of a remaining requested
item onto the convevor system, such that the remaining requested item is provided at the

delivery area; and
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causing a picker device to remove requested items from pallets at the delivery area in

order to fulfill the item request.

1. The method of clamm 9, wherem selecting the item to keep m circulation on the

recirculation loop of the conveyor system 1s further based on sale promotions for the item.

12, 'The method of claim 9, wherein sclecting the ttem to keep o circulation on the
recirculation loop of the convevor system is further based on a weight of a paliet holding the

itent.

13, The method of claim 9, wherein selecting items to keep in circulation on the
recirculation loop of the conveyor system is further based on a time of year and seasonality of

the items.

14, The method of claim 9, wherein cansing a mobile robotic deviee to maimntain a
pallet of the selected items in circulation on the recirculation loop comprises:
providing istructions to a mobile robotic device to deliver a pallet of cach sclected

ttem to a portion of the recirculation loop.

I5. The method of claim 9, further comprising:
responsive o recelving the item request, determining a delivery schedule that
mdicates when the convevor svstem will receive pallets that include items requested i the

ftem request that are not available from the recirculation loop.

16.  The method of claim 9, further comprising:
determining a delivery schedule for requested items at the delivery area;
based at least in part on the delivery schedule, identifving pallets for the recirculation

system.

17, A non-transitory computer-readable medium configured to store mstructions,
that when ¢xecuted by a computing system configured to control a conveyor system, and to
cause the computing system to perform functions comprising:

comparing future demand values for at least two of a plurality of items located in an

environment comprising the conveyor systen;

]
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based on the comparison, selecting an ttem to keep in circulation on a recirculation
loop of the convevor system;

causing a mobile robotic device to mamntain a pallet of the sclected ttem in circulation
on the recirculation loop;

receiving an item reguest;

determining that a requested item is available from the recirculation loop, and

causing a diverter mechamism to divert the requested item from the recirculation loop
to a debivery track, wherein the debivery track 1s arranged to move pallets to a debivery area,
and wherein the diverter mechanism is operable to allow a pallet o recirculate on the

recirculation loop.

18.  'The non-transitory computer-readable medium of claim 17, wherein selecting
the item to keep in circulation on the recirculation loop comprises:

determining an mventory indicative of ttems in circulation on the recirculation loop.

19, The noon-tramsitory computer-readable mediom of claim 18, wherein
determining that a requested tem is available from the recirculation loop comprises:

determining that the requested item 1s available based on the determined inventory.

20.  The non-transifory computer-readable medium of claim 17, wherein the
functions further comprise:

determining a mobile robotic device for obtaiming a pallet of a remaining requested
item based on information from the mobile robotic device, wherein the mformation indicates

a current location and operation of the mobile robotic device.

t

43

pant
P



PCT/US2017/047071

1/9

WO 2018/048591

L 34NOId

TSN
g ¥
Ry

4
AN
Sy
SRS
LRARALRAST &
o X




PCT/US2017/047071

2/9

WO 2018/048591

V¢ 4dNoOld

0Le
.\\_
J0V443LINI ¥3SN
807 - JOV4YIINI
NOILYQINNININOD
LINN 907
- 39WHOLS ¥1va
L
voc 40SS300Yd
202
W3LSAS ONILNANOD

00z -




WO 2018/048591 3/9 PCT/US2017/047071

Vs

L1

FIGURE 2B



WO 2018/048591 4/9 PCT/US2017/047071

22 Q

111

FIGURE 2C




FIGURE 2D



6/9 PCT/US2017/047071

WO 2018/048591

3¢ 3dNOl4

LT/ N - N < NN UM NN - TN < MM UMM MO < TN = MU~ SO NN < TN - N~ N~

, 217 N

N )




PCT/US2017/047071

719

WO 2018/048591

¢ 3dNoOld

0
Kb
7
oo | 6
W e Moees
: EEHELEES EERELY BB :
— t w 87l gm\ ﬁ% ! }
e AL _ o v
7 ; | e 7 i
[
0908
\ 108
it 206

N§§§§
) b
L

L




PCT/US2017/047071

8/9

WO 2018/048591

¥ 3dNOld

Py 0l oy o
\ \ \ \ g,m
<+ <[]« : «V o’/ /) , b il U
| w\ ' ) ./%
% & 2
_ I g,m 1B
| ~m- - N




WO 2018/048591 9/9 PCT/US2017/047071

500

SELECT AN ITEM TO KEEP IN CIRCULATION ON A RECIRCULATION LOOP
OF THE CONVEYOR SYSTEM BASED ON FUTURE DEMAND VALUE FOR 502
THE ITEM

CAUSE A MOBILE ROBOTIC DEVICE TO MAINTAIN A PALLET OF THE
SELECTED ITEM IN CIRCULATION ON THE RECIRCULATION LOOP 504

RECEIVE AN ITEM REQUEST 506

DETERMINE THAT A REQUESTED ITEM IS AVAILABLE FROM THE
RECIRCULATION LOOP 508

RESPONSIVE TO A DETERMINATION THAT THE REQUESTED ITEM IS
AVAILABLE, CAUSE A DIVERTER MECHANISM OF THE CONVEYOR
SYSTEM TO DIVERT THE REQUESTED ITEM FROM THE RECIRCULATION 510
LOOP TO A DELIVERY TRACK OF THE CONVEYOR SYSTEM

FIGURE 5
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