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

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2018/044820 Al
08 March 2018 (08.03.2018) W !P O PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G05B 13/02 (2006.01) G06Q 50/28 (2012.01) kind of national protection available): AE, AG, AL, AM,
G05B 15/02 (2006.01) B65G 61/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
G06Q 10/08 (2012.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number:

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
PCT/US20 17/048983

KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

29 August 2017 (29.08.2017) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TH, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

15/255,696 02 September 2016 (02.09.2016) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(71) Applicant: X DEVELOPMENT LLC [US/US]; 1600 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Amphitheatre Parkway, Mountain View, CA 94043 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors: HANCE, Christopher; 1600 Amphitheatre MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Parkway, Mountain View, CA 94043 (US). SHAFFER, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Daniel; 1600 Amphitheatre Parkway, Mountain View, CA KM, ML, MR, NE, SN, TD, TG).

94043 (US).

(74) Agent: HERNDON, Joseph, A.; Mcdonnell Boehnen Hul-
bert & Berghoff LLP, 300 South Wacker Drive, Chicago,
IL 60606 (US).

(54) Title: OPTIMIZATION OF WAREHOUSE LAYOUT BASED ON CUSTOMIZABLE GOALS

(57) Abstract: Example methods and systems enable rearrange
ment of a warehouse to an optimal layout determined according
to customizable goals. An example method includes receiving, at
a warehouse management system (WMS), information of a ware
house and items of the warehouse, identifying an item shipment ex

pectation including new items expected to be received at the ware
house at a future date and items present at the warehouse marked
for delivery at the future date, determining an optimal layout of the
items of the warehouse at a present date based on the item shipment
expectation, determining an amount of time to rearrange the items,
by one or more of robotic devices rearranging the items, to the op

timal layout based on a time measurement for robotic devices to
perform tasks, and determining to rearrange the items of the ware
house based on the amount of time to rearrange the items being less
than a threshold amount of time.

o
00

©
00

FIG. 3o

o

[Continued on nextpage]



WO 2018/044820 Al llll I I I I 11 III II I II I I III 111 II III II I II

Published:
— with international search report (Art. 21(3))
— before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



Title: Optimization of Warehouse Layout Based on Customizable Goals

BACKGROUND

[0001] A warehouse may be used for storage of goods by a variety of different types

of commercial entities, including manufacturers, wholesalers, and transport businesses.

Example stored goods may include raw materials, parts or components, packing materials,

and finished products. In some cases, the warehouse may be equipped with loading docks to

allow goods to be loaded onto and unloaded from delivery trucks or other types of vehicles.

The warehouse may also use rows of pallet racks to allow for storages of pallets, flat

transport structures that contain stacks of boxes or other objects. Additionally, the warehouse

may have machines or vehicles for lifting and moving goods or pallets of goods, such as

cranes and forklifts. Human operators may be employed to operate machines, vehicles, and

other equipment. In some cases, one or more of the machines or vehicles may be robotic

devices guided by computer control systems.



SUMMARY

[0002] In one example, a method is described that comprises receiving, at a

warehouse management system (WMS), real time inventory of items in a warehouse and real

time location data of the items , and identifying an item shipment expectation including new

items expected to be received at the warehouse at a future date and items present at the

warehouse marked for delivery at the future date. The identifying is performed by the WMS

and based on one or more of a receiving record, an order fulfillment and a shipping record.

The method also includes determining an optimal layout of the items based on the item

shipment expectation, and determining an amount of time for a robotic device to rearrange

the items to the optimal layout based on a time measurement for the robotic device to perform

a task. The method also includes determining to rearrange the items of the warehouse based

on the amount of time to rearrange the items being less than a threshold amount of time, and

causing the robotic device to rearrange the items to the optimal layout.

[0003] In another example, a system is described comprising a robotic device in a

warehouse, a processor, and data storage comprising instructions executable by the processor

to cause the system to perform operations. The operations comprise receiving real time

inventory of the items in the warehouse and real time location data of the items, and

identifying an item shipment expectation including new items expected to be received at the

warehouse at a future date and items present at the warehouse marked for delivery at the

future date. The identifying is based on one or more of a receiving record, an order

fulfillment record and a shipping record. The operations also comprise determining an

optimal layout of the items based on the item shipment expectation; determining an amount

of time for the robotic device to rearrange the items to the optimal layout based on a time

measurement for the robotic device to perform a task, determining to rearrange the items of

the warehouse based on the amount of time to rearrange the items being less than a threshold



amount of time, and causing the robotic device to rearrange the items to the optimal layout.

[0004] In still another example, a non-transitory computer-readable medium is

described that has stored thereon program instructions that when executed by a computing

system that includes at least one processor cause the computing system to perform operations.

The operations comprise receiving real time inventory of items in a warehouse and real time

location data of the items, and identifying an item shipment expectation including new items

expected to be received at the warehouse at a future date and items present at the warehouse

marked for delivery at the future date. The identifying is based on one or more of a receiving

record, an order fulfillment and a shipping record. The operations also comprise determining

an optimal layout of the items based on the item shipment expectation, determining an

amount of time for a robotic device to rearrange the items to the optimal layout based on a

time measurement for the robotic device to perform a task, determining to rearrange the items

of the warehouse based on the amount of time to rearrange the items being less than a

threshold amount of time, and causing the robotic device to rearrange the items to the optimal

layout.

[0005] In yet another aspect, a system is provided that includes a means for receiving,

at a warehouse management system (WMS), real time inventory of items in a warehouse and

real time location data of the items. The system also includes a means for identifying an item

shipment expectation including new items expected to be received at the warehouse at a

future date and items present at the warehouse marked for delivery at the future date. The

system also includes a means for determining an optimal layout of the items based on the

item shipment expectation. The system also includes a means for determining an amount of

time for a robotic device to rearrange the items to the optimal layout based on a time

measurement for robotic devices of the robotic device to perform a task. The system also

includes a means for determining to rearrange the items of the warehouse based on the



amount of time to rearrange the items being less than a threshold amount of time, and means

for causing the robotic device to rearrange the items to the optimal layout.

[0006] The foregoing summary is illustrative only and is not intended to be in any

way limiting. In addition to the illustrative aspects, implementations, and features described

above, further aspects, implementations, and features will become apparent by reference to

the figures and the following detailed description.



BRIEF DESCRIPTION OF THE FIGURES

[0007] Figure 1 depicts an example warehouse in accordance with at least some

implementations described herein.

[0008] Figure 2 is a simplified block diagram illustrating components of an example

computing system, in accordance with at least some implementations described herein.

[0009] Figure 3 is a flowchart of an example method, in accordance with at least

some implementations described herein.

[001 0] Figure 4 illustrates an example layout of the warehouse including a number of

pallets of items, labeled as pallets A-H, and shipping docks.

[001 1] Figure 5 illustrates an example rearrangement of the pallets A-H into the

optimal layout.

[0012] Figure 6 illustrates an example rearrangement of the pallets A, E, and F for an

example layout.

[001 3] Figure 7 illustrates another example layout of the warehouse including a

number of pallets of items, labeled as pallets A-H, and shipping docks, and new pallets I-K

received at the shipping dock.

[0014] Figure 8 illustrates an example optimal layout of the warehouse based on a

maximum storage capacity arrangement of the warehouse.



DETAILED DESCRIPTION

[0015] Example methods and systems are described herein. It should be understood

that the words "example," "exemplary," and "illustrative" are used herein to mean "serving as

an example, instance, or illustration." Any implementation or feature described herein as

being an "example," being "exemplary," or being "illustrative" is not necessarily to be

construed as preferred or advantageous over other implementations or features. The example

implementations described herein are not meant to be limiting. It will be readily understood

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 explicitly contemplated herein. Additionally, in this

disclosure, unless otherwise specified and/or unless the context clearly dictates otherwise, the

terms "a" or "an" means at least one, and the term "the" means the at least one.

[0016] As used herein, the term "warehouse" may refer to any physical environment

in which items or pallets of items may be manipulated, processed, and/or stored by robotic

devices. In some examples, a warehouse may be a single physical building or structures. In

other examples, some fixed components may be installed or otherwise positioned within the

environment before or during object processing. In additional examples, a warehouse may

include multiple separate physical structures or buildings, and/or may also include physical

spaces that are not covered by a physical structure as well.

[0017] An example warehouse may include a homogeneous or heterogeneous group

of robotic devices and a control system configured to manage the robotic devices. In the

context of a warehouse, such a control system can be referred to as a warehouse management

system (WMS). The warehouse may also include a variety of items (e.g., products) arranged

on pallets, and the pallets may be arranged in various positions in the warehouse. For

instance, pallets may be positioned directly on the floor of the warehouse, stacked on other



pallets, placed in pallet racks, and/or stored in shipping containers. Furthermore, the

warehouse may include items arranged separately (not on pallets), and included in

customized containers, boxes, or not included in any container.

[001 8] A group of robotic devices may be used in a warehouse setting for a number

of different applications. One possible application includes order fulfillment (e.g., for

individual customers), in which pallets may be opened and individual items from the pallets

may be put into packaging within boxes to fulfill individual orders. Another possible

application includes distribution (e.g., to stores or other warehouses), in which mixed pallets

may be constructed containing groups of different types of items (i.e., types of products) to

ship to a store. A further possible application includes cross-docking, which may involve

transporting between shipping containers without storing anything (e.g., items may be moved

from four 40-foot trailers and loaded into three lighter tractor trailers, and could also be

palletized). Numerous other applications are also possible.

[001 9] As a general matter, the manner in which pallets are arranged in the warehouse

may depend on various factors. Such factors may include a history of activities in the

warehouse, a history of pallet locations, a history of demand for certain items, a trend of

items received at the warehouse, a trend of items shipped out of the warehouse, a received

order for items, a forecasted activity in the warehouse, a forecasted demand for certain items,

a forecasted item to be received at the warehouse, a forecasted item to be shipped out of the

warehouse, a business goal (e.g., promotional offers such as same-day delivery), and human

and/or robotic resource availability to arrange the pallets, among many other possibilities.

The WMS may be configured to use these and other factors with machine learning to

facilitate improved management of the warehouse, including the arrangement and

rearrangement of pallets in the warehouse.

[0020] Described herein are example methods and systems for autonomously



rearranging - or, "shuffling" - pallets in the warehouse. In accordance with an example

method, the WMS may receive, determine, or otherwise access real-time item information

including real-time locations of pallets of items in the warehouse, a real-time inventory of

items in the warehouse, and real-time content of each pallet (e.g., which items are on which

pallets). The WMS may also receive, determine, or otherwise have access to other

warehouse information such as pallet relocation history (e.g., information relating to when,

where, why, and/or how a pallet was moved from one place to another), expectations of items

to be received at the warehouse, and expectations of items to be shipped out of the

warehouse.

[0021] The WMS further identifies, based on access to a receiving record as well as

an order fulfillment and shipping record, an item shipment expectation including new items

expected to be received at the warehouse at a future date and items present at the warehouse

marked for delivery at the future date, and then can determine an optimal layout of the items

of the warehouse at a present date based on the item shipment expectation.

[0022] Further, the WMS may determine what resources would be needed to

rearrange the warehouse into the optimal layout, such as the time it would take for robotic

devices to rearrange the pallets. If the WMS determines that resources meet certain criteria,

the WMS may then instruct the robotic devices to rearrange the pallets. If not, the WMS may

not instruct the robotic devices to rearrange the pallets until the WMS determines that the

resources meet certain criteria.

[0023] In examples, to facilitate this in practice, the WMS may receive, determine, or

otherwise have access to real-time robotics information relating to robot activities in the

warehouse. As an example, the real-time robotics information may include real-time

locations of the robotic devices, real-time task progress updates for robotic tasks that are in-

progress and/or to-be-completed, a task schedule, and respective measurements of how much



time the robotic devices will take to perform various tasks, among other possible information.

The WMS may then use at least the real-time robotics information to determine how long it

would take the robotic devices to rearrange the pallets to the optimal dense grid layout. If the

amount of time is less than a threshold amount of time, the WMS may instruct the robotic

devices to rearrange the pallets to the optimal dense grid layout. The threshold may be

dynamic, for example, and can be based on a projected or actual robot availability.

Additionally, the WMS may consider parameters, in addition to time, when determining

whether to instruct the robotic devices to rearrange the pallets such as power usage, carbon

emissions, distance to move items, etc.

[0024] Dynamically and autonomously rearranging pallets in the warehouse may

provide various industrial and business advantages. For example, the use of the WMS and

robotic devices may greatly reduce or eliminate the need for human labor in rearranging the

warehouse. As another example, as demand for items changes over time, the WMS may

change the layout of pallets to best reflect the current demand at various points in time, or

may proactively change the layout of pallets to best reflect forecasted demand at a future

point in time. As yet another example, as available space in the warehouse increases and

decreases, the WMS may balance a consideration of available space with other

considerations, such as demand, ease of access to items, etc., to determine what type of layout

would best utilize the available space in the warehouse in light of those considerations. Other

examples are possible as well.

[0025] It should be noted that in alternate implementations, one or more computing

entities associated with the warehouse, such as the WMS and/or other computing systems,

may gather, update, process, and/or provide for receipt by the WMS the item information

and/or the robotics information less frequently than in real-time.

[0026] Reference will now be made in detail to various implementations, examples of



which are illustrated in the accompanying drawings. In the following detailed description,

numerous specific details are set forth in order to provide a thorough understanding of the

present disclosure and the described implementations. However, the present disclosure may

be practiced without some of these specific details. In other instances, well-known methods,

procedures, components, and circuits have not been described in detail so as not to

unnecessarily obscure aspects of the implementations.

[0027] Referring now to the figures, Figure 1 depicts an example warehouse 100 in

accordance with at least some implementations described herein. The warehouse 100

includes various types of robotic devices that may be controlled to collaborate to perform

tasks related to the processing of items, pallets, etc. within the warehouse. Certain example

types and numbers of different robotic devices are shown here for illustration purposes, but

the warehouse may employ more or fewer robotic devices, may omit certain types shown

here, and may also include other types of robotic devices not explicitly shown.

[0028] One example type of robotic device shown in Figure 1 is an autonomous fork

truck 102, a mobile device with a forklift that may be used to transport pallets of boxes and/or

to lift pallets of boxes (e.g., to place the pallets onto a rack for storage), or to transport and/or

lift boxes themselves. Another example type of robotic device shown is an autonomous

guided vehicle (AGV) 104, which may be a relatively small, mobile device with wheels that

may function to transport individual items or other obj ects from one location to another

within the warehouse. An additional example type of robotic device is a robotic truck

loader/unloader 106, a mobile device with a robotic manipulator as well as other components

such as optical sensors to facilitate loading and/or unloading items and/or pallets onto and/or

off of trucks or other vehicles. For instance, robotic truck unloader 106 may be used to load a

pallet or individual items onto delivery truck 108, which is located at a shipping dock 110 of

the warehouse. In some examples, movements of delivery truck 108 (e.g., to deliver



packages to another warehouse) may also be coordinated with robotic devices in the

warehouse.

[0029] Other types of mobile devices than those illustrated here may also be included

as well or instead. In some examples, one or more robotic devices may use different modes

of transportation besides wheels on the ground. For instance, one or more robotic devices

may be airborne (e.g., quadcopters), and may be used for a task such as moving objects or

collecting sensor data of the environment. Any of the robotic devices described herein may

include one or more sensor(s) such as force sensors, proximity sensors, load sensors, position

sensors, touch sensors, depth sensors, ultrasonic range sensors, infrared sensors, Global

Positioning System (GPS) receivers, sonar, optical sensors, biosensors, Radio Frequency

identification (RFID) sensors, Near Field Communication (NFC) sensors, wireless sensors,

compasses, smoke sensors, light sensors, audio sensors, microphones, speakers, radar,

cameras (e.g., color cameras, grayscale cameras, and/or infrared cameras), depth sensors

(e.g., Red Green Blue plus Depth (RGB-D), lasers, a light detection and ranging (LIDAR)

device, a structured-light scanner, and/or a time-of-flight camera), a stereo camera, motion

sensors (e.g., gyroscope, accelerometer, inertial measurement unit (IMU), and/or foot step or

wheel odometry), and/or range sensors (e.g., ultrasonic and/or infrared), among others. The

sensor(s) may provide sensor data to a processor(s) to allow for appropriate interaction of a

robotic device with the environment. Additionally, a robotic device may also include one or

more power source(s) configured to supply power to various components of the robotic

device. Any type of power source may be used such as, for example, a gasoline engine or a

battery.

[0030] In further examples, the warehouse 100 may also include various fixed

components or fixed robotic devices. A fixed robotic device may be used to move or

otherwise process items. For instance, a pedestal robot 112 may include a robotic arm



elevated on a pedestal that is fixed to the ground floor within the warehouse. The pedestal

robot 112 may be controlled to distribute items between other robots and/or to stack and

unstack pallets of items. For example, the pedestal robot 112 may pick up and move boxes

from nearby pallets and distribute the items to individual AGV's 104 for transportation to

other locations within the warehouse.

[003 1] In further examples, the warehouse 100 may include an additional fixed

component, such as a storage rack (not shown) that may be used to store pallets and/or other

objects within the warehouse. Such a storage rack may be designed and positioned to

facilitate interaction with one or more robotic devices, such as autonomous fork truck 102. In

addition to or alternative to a storage rack, certain ground space in the warehouse 100 may be

selected and used for storage of pallets. For instance, some pallets may be positioned within

the warehouse environment at chosen locations for certain periods of time to allow the pallets

to be picked up, distributed, or otherwise processed by a robotic device. Any fixed

component in warehouse 100 may be equipped with one or more sensors, as described herein.

[0032] In some examples, any or all of the robotic devices in the warehouse 100 may

include one or more sensors, one or more computers, and one or more robotic arms or robotic

manipulators. A sensor may be used to perform various operations, such as scanning areas

within the warehouse 100 in order to capture visual data and/or three-dimensional (3D) depth

information. Data from a scan may then be integrated into a representation of larger areas in

order to provide digital environment reconstruction. In additional examples, the

reconstructed environment may then be used for identifying items, pallets, or other objects to

pick up, determining pick positions for items or pallets, and/or planning a collision-free

trajectory along which robotic devices should travel. The warehouse 100 may also include

sensors such as cameras or other types of sensors that are not connected to robotic devices.

For instance, various sensors may be affixed to various locations in the warehouse, such as a



wall, a ceiling, etc.

[0033] As shown in Figure 1, the warehouse 100 includes a variety of pallets, each of

which may contain one type of item or may contain multiple types of items. As an example,

the warehouse 100 includes rows 114, 116, 118, 120, 122, and 124, each of which includes a

line of pallets that contain the same type of item. For instance, the pallets of row 114, row

118, and row 124 may each include a first type of item, the pallets of row 116 and row 122

may each include a second type of item, and the pallets of row 120 may each include a third

type of item.

[0034] Some pallets in rows 114, 116, 118, 120, 122, and 124 may be considered

"full" pallets - namely, pallets that contain the maximum quantity of items allotted per pallet.

The maximum quantity of items allotted per pallet may be the same or different for multiple

pallets, and may be a quantity defined by the WMS or by a human. Further, the maximum

quantity of items allotted per pallet may depend on various factors, such as pallet structure

(e.g., the maximum weight that a pallet can support). By comparison, the warehouse 100

may also include various pallets that are less than full, such as pallet 126, pallet 128, pallet

130, and pallet 132. Each of these pallets may include the same type of item or may include

different types items.

[0035] The manner in which the pallets are positioned in the warehouse 100 shown in

Figure 1 may be an example of a deep lanes layout. For example, row 114 and row 116 may

together form a first lane, row 118 and row 120 may together form a second lane, and row

122 and row 124 may together form a third lane. The first, second, and third lanes may each

be separated by a predetermined distance, such as a distance that enables robotic devices

(e.g., autonomous fork truck 102) to travel between the lanes and access pallets in the lanes.

[0036] Lanes, rows, and pallets can be organized differently from the example shown



in Figure 1. For instance, in other deep lanes layouts, an entire first lane may contain only a

first type of item, and an entire second lane may contain only a second, different type of item.

Further, the amount of pallets that make up the width and length of each lane can be

increased or decreased.

[0037] In some examples, the warehouse 100 may additionally include a battery

exchange and/or a battery charging station (not shown). In examples, some or all of the

mobile robotic devices such as the autonomous fork truck 102 or AGV 104 may periodically

receive a charged battery from a battery exchange station equipped with multiple battery

chargers. In an example, the battery exchange station may replace a robotic device's old

battery with a recharged battery, which may prevent robotic devices from having to sit and

wait for a battery to charge. The battery exchange station may be equipped with a robotic

manipulator such as a robotic arm. The robotic manipulator may remove batteries from an

individual mobile robotic device and attach the batteries to available battery chargers. The

robotic manipulator may then move charged batteries located at the battery exchange station

into the mobile robotic device to replace the removed batteries. For instance, an AGV with a

weak battery may be controlled to move over to a battery exchange station where a robotic

arm pulls a battery out from the AGV, puts the battery in a charger, and gives the AGV a

fresh battery.

[0038] In examples, one or more robotic devices may be brought into the warehouse

100 to create a map of the warehouse 100 space before determining placement of other

objects, such as any fixed robotic devices or components discussed above, as well as any

pallets. Herein, a "map" refers to information representative of a positioning of elements in

an area of an environment, and/or representative of a relationship of certain elements to other

elements or to the environment. In example implementations, a map is a digital map,

determined by collecting and compiling data representative of relationships between elements



in the given environment, and then formatting such data into a virtual form, such as a virtual

2D or 3D image. A map can be a real-time or non-real-time representation of the elements

and environment at issue, detailing such elements, the environment, and/or points of interest

on such elements and/or in the environment.

[0039] Once map information is available, a computing system such as the WMS may

determine (e.g., by running simulations) how to lay out such components within the space

available. In certain cases, a layout may be chosen to minimize the amount of space taken up

by the objects. Pallets may be placed at predetermined locations or can be placed at random

in other examples. Further, pallets may be placed using an intelligent optimization approach

based on a number of factors as described herein in which predetermination locations or

randomness may be one or more of the factors as well.

[0040] To coordinate actions of various devices within the warehouse 100 (e.g., the

robotic devices, and possibly other components such as a battery charging station, remotely-

controlled shipping dock doors, remotely-controlled ramps, etc.), a global control system,

such as a remote, cloud-based server system, may communicate (e.g., through wireless

communication) with some or all of the components and/or with separate local control

systems of individual components. Any computing system described herein, such as a WMS,

may take the form of such a global control system.

[0041] Figure 2 is a simplified block diagram illustrating components of an example

computing system 200, in accordance with at least some implementations described herein.

For instance, computing system 200 can serve as a WMS and control aspects of a warehouse

such as the warehouse 100, including dynamically controlling operations of robotics devices

or other components in the warehouse, as noted above. As such, computing system 200 can

include various components, such as processor(s) 202, data storage unit 204, communication

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

mechanism 2 10 . In this disclosure, the term "connection 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 (e.g., the

Internet). In some instances, a connection mechanism can include a non-tangible medium

(e.g., where the connection is wireless). Computing system 200 can include more or less

components in other example implementations.

[0042] Processor 202 may take the form of a general-purpose processor (e.g., a

microprocessor) and/or a special-purpose processor (e.g., a digital signal processor (DSP)).

In some instances, computing system 200 may include a combination of processors.

[0043] Data storage unit 204 may include one or more volatile, non-volatile,

removable, and/or non-removable storage components, such as magnetic, optical, or flash

storage, and/or can be integrated in whole or in 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 machine code) that, when executed by processor 202, cause computing system 200 to

perform one or more acts and/or functions, such as those described in this disclosure.

Computing system 200 can be configured to perform one or more acts and/or functions, such

as those described in this disclosure. Such program instructions can define and/or be part of a

discrete software application. In some instances, computing system 200 can execute program

instructions in response to receiving an input, such as from communication interface 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.

[0044] Communication interface 206 can allow computing system 200 to connect to



and/or communicate with another other entity according to one or more protocols. In an

example, communication interface 206 can be a wired interface, such as an Ethernet interface

or a high-definition serial-digital-interface (HD-SDI). In another example, communication

interface 206 can be a wireless interface, such as a cellular or Wi-Fi interface. A connection

can be a direct 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

network device. Likewise, a transmission can be a direct transmission or an indirect

transmission.

[0045] User interface 208 can facilitate interaction between computing system 200

and a user of computing system 200, if applicable. As such, user interface 208 can include

input components such as a keyboard, 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 system. More generally, user interface 208 can include hardware and/or software

components that facilitate interaction between computing system 200 and the user of the

computing device system.

[0046] As indicated above, computing system 200 may be configured to dynamically

control aspects of a warehouse, such as by coordinating operation of robotic devices

operating in the warehouse. As an example, computing system 200 may determine for a

given robotic device a schedule that indicates a series of tasks for the robotic device to

perform throughout an entire period of time and adjust the schedule using subsequent

information received from the robotic device (e.g., sensor data, task progress updates), other

robotic devices, and/or other systems (e.g., a sensor system) positioned in the warehouse. As

another example, computing system 200 may be configured to coordinate operations for

multiple robotic devices, including aligning schedules so that two or more robotic devices are



located in the same area during a period of time, perhaps in case the computing system has

predicted that the two or more robotic devices may be needed to assist with another task in

that area during that time. As yet another example, computing system 200 may also arrange

schedules so as to not have a threshold high amount of robotic devices performing tasks in

the same area during the same period of time, thereby avoiding generation of excess traffic in

the warehouse. As yet another example, computing system 200 may alter the schedules of

one or more robotic devices to save resources, such as by cancelling a first robotic device's

scheduled pickup of a pallet when a second robotic device is closer in distance to the pallet

than the first robotic device, and instead instructing the second robotic device to pick up the

pallet.

[0047] In some examples, computing system 200 may function as or include a central

planning system that assigns tasks to different robotic devices. Herein, a "task" refers to an

operation that is assigned to at least one entity for that entity or entities to perform. In

example implementations, such a task is assigned to the at least one entity by a system that

monitors, governs, or otherwise manages the at least one entity in order to facilitate a

performance of the task by the at least one entity.

[0048] The central planning system may employ various scheduling algorithms to

determine which devices will complete which tasks at which times. For instance, the central

planning system may assign tasks to robots to minimize overall costs of specific robots that

perform the tasks. In additional examples, the central planning system may optimize across

one or more different resources, such as time, space, or energy utilization. In further

examples, a planning or scheduling system may also incorporate aspects of the geometry and

physics of box picking, packing, or storing.

[0049] Planning control may also be distributed across individual system components.

For example, computing system 200 may issue instructions according to a global system



plan, and individual system components may also operate according to separate local plans.

Additionally, different levels of detail may be included within a global plan, with other

aspects left for individual robotic devices to plan locally. For instance, mobile robotic

devices may be assigned target destinations by a global planner but the full routes to reach

those target destinations may be planned or modified locally.

[0050] To facilitate planning control, computing system 200 may employ various

techniques to monitor the locations of robotic devices in the warehouse 100. These locations

may be real-time locations. To further facilitate planning control, in some implementations,

robotic devices may be configured to continuously or periodically "publish" (e.g., transmit)

their locations to computing system 200 so that computing system 200 can in turn update the

locations of the robotic devices. Computing system 200 and/or the robotic devices can

employ other techniques as well to facilitate monitoring locations of the robotic devices.

[0051] Real-time may refer to the actual time during which a process or event occurs,

and thus, a real-time location refers to a physical location of the robotic device as determined

within a threshold amount of time (e.g., determined within a few seconds) so that the physical

location of the robotic device at a certain time is know with certainly.

[0052] In additional examples, a central planning system may be used in conjunction

with local vision systems on individual robotic devices to coordinate functions of various

robotic devices. For instance, a central planning system may be used to get robotic devices at

least relatively close to where they need to go. However, it may be difficult for the central

planning system to command robots with millimeter precision, unless the robotic devices are

bolted to rails or other measured components are used to precisely control robot positions.

Local vision systems and planning for individual robotic devices may therefore be used to

allow for elasticity between different robotic devices. A general planner may be used to get a

robotic device close to a target location, at which point local vision system of the robotic



device may take over. In some examples, most robotic functions may be position-controlled

to get the robots relatively close to target locations, and then vision systems and handshakes

may be used when needed for local control.

[0053] A visual handshakes may enable two robotic devices to identify one another

by use of quick response (QR) codes or other characteristics, and to perform collaborative

operations within the warehouse 100. In additional examples, an item (e.g., packages to be

shipped) may be provided with visual tags as well or instead. A visual tag may be used by a

robotic device to perform an operation on the item using a local vision system. In an

example, a tag may be used to facilitate manipulation of the item by the robotic device. For

instance, a tag on a location on a pallet may be used to inform a forklift where or how to lift

up the pallet.

[0054] Within additional examples, robotic devices may use their local vision systems

to scan and identify individual items or pallets of items during tasks in which robotic devices

need to manipulate the items/pallets in some manner. To facilitate this in part, for instance, a

given item/pallet may include a machine-readable code (e.g., QR code or barcode) having

encoded information about the given item/pallet. As a result of the scanning, the machine-

readable code may provide a robotic device's local computing system and/or computing

system 200 with the information about the given item/pallet. For instance, for a pallet, such

information may include what type of item the pallet carries. Pallets may also include a radio

frequency identification (RFID) tag contained on the pallet and/or one or more boxes known

to be located as part of pallet. Further, such information gain by scanning the pallets or by

communication with the RFID may include a history of the pallet, such as (i) where in the

warehouse the pallet has been, (ii) how many times the pallet has been moved, (iii) when the

pallet was moved, (iv) indications of damage to the pallet, if any, and (v) whether the pallet is

marked for delivery to another area of the warehouse (e.g., a shipping dock, or for storage in



another area), among other types of information. A given item/pallet may additionally or

alternatively include a label or other source of such information that the robotic device can

scan to identify the item/pallet and obtain such information.

[0055] Scanning items/pallets in this manner may have various advantages, such as

locating and keeping track of items/pallets as they are moved into, out of, and around the

warehouse 100. Further, a potential benefit of such scanning is added transparency, both on

the supplier side and the consumer side. On the supplier side, for example, information about

current locations of inventory may be used to avoid overstocking and/or to move

items/pallets to different locations or warehouses to anticipate demand. On the consumer

side, for example, the information about current locations of items may be used to determine

when an item/pallet will be delivered with improved accuracy.

[0056] Within additional examples, computing system 200 may over time optimize

deployment and/or planning strategies for fixed and/or mobile components. For instance,

computing system 200 (e.g., a cloud-based server system) may incorporate data and

information from individual robotic devices within the warehouse and/or from external

sources. Strategies may then be refined over time to enable the robotic devices to use less

space, less time, less power, less electricity, or to optimize across other variables. In some

examples, optimizations may span across multiple warehouses, possibly including other

warehouses with other robotic devices and/or traditional warehouses without such robotic

devices. For instance, computing system 200 may incorporate information about delivery

vehicles and transit times between facilities into central planning.

[0057] Similarly, computing system 200 may over time optimize planning strategies

to meet existing demand for items (e.g., current orders for products), meet forecasted demand

for items, meet certain business goals, etc.



[0058] In some examples, a central planning system may sometimes fail, such as

when a robotic device gets stuck or when items get dropped in a location and lost. A local

vision system may also therefore provide robustness by inserting redundancy to handle cases

where the central planner fails. For instance, as an automated pallet jack passes and identifies

an item, the pallet jack may send information up to a remote, cloud-based server system.

Such information may be used to fix errors in central planning, help to localize robotic

devices, or to identify lost items.

[0059] In further examples, computing system 200 may dynamically update a map of

the warehouse 100 and objects undergoing processing by the robotic devices. In some

examples, the map may be continuously updated with information about dynamic objects

(e.g., moving robotic devices and items/pallets moved by robotic devices). In additional

examples, a dynamic map could contain information on both the current arrangement of

objects within a warehouse (or across multiple warehouses) as well as information about

what is anticipated in the future, such as in the near term (e.g., in upcoming seconds, minutes,

hours, or even days) or long term (e.g., in upcoming weeks, months, or even years). For

instance, the map could show current locations of moving robotic devices and anticipated

locations of the robotic devices in the future, which may be used to coordinate activity

between robotic devices. The map could also show current locations of items undergoing

processing as well as anticipated future locations of the items (e.g., where an item is now and

when the item is anticipated to be shipped out). Further, the map could show anticipated

locations of items that have yet to arrive at the warehouse. For instance, computing system

200 may consider a history of orders for items, forecasted orders, a history of pallet

relocation, and/or other known or predicted information to cause the map to show where

pallets of items should be placed in the warehouse when they arrive.

[0060] In line with the discussion above, computing system 200 may also schedule



battery exchanges, power charging, and any other scheduled maintenance that may be

needed. For instance, individual mobile robotic devices may be configured to monitor their

battery charge status. The robotic devices may send information to computing system 200

indicating the status of their batteries. This information may then be used by computing

system 200 to schedule battery replacements for individual robotic devices when needed or

convenient.

[0061] As discussed above, the computing system 200 can serve as the WMS, that

executes instructions stored on the data storage unit 204 to determine optimal layouts of a

warehouse. Traditionally, an arrangement of a warehouse is static where pallets are

positioned in preset locations. However, as shipments change (e.g., daily, seasonally),

methods described herein enable dynamic rearrangement of the warehouse based on a

number of possible factors. As an example, seasonal items can be positioned toward a rear of

the warehouse when those items are out of season, and similarly excess inventory of items

can also be placed toward the rear. The layout is not constrained to any fixed layout of the

warehouse, and can be determined dynamically and any layout can be optimal based on the

factors considered. With the physical location of every pallet in the warehouse known, as

well as a content of pallets known, shipping orders can be accessed to determine items that

will be processed for shipment and receiving records can be accessed to determine items

expected to be received. All of these factors can be processed to generate an optimal layout

of the warehouse at a present time.

[0062] The optimal layout can be based on a customizable goal, such as to enhance

storage capacity of the warehouse. In instances in which storage capacity is needed, the

layout can be modified to use aisles of a narrower width instead of a larger width which may

trade off outbound throughput (e.g., access to items in pallets) to increase storage capacity.

The layout may be optimized for a day or a season of the year, or to optimize for storage



capacity or outbound throughput.

[0063] Figure 3 is a flowchart of an example method 300, in accordance with at least

some implementations described herein. The method 300 shown in Figure 3 presents an

implementation of a method that, for example, could be used with devices, components, and

systems shown in Figures 1 and 2, for example, or may be performed by a combination of

any components of those Figures. The method 300 may include one or more operations, or

actions as illustrated by one or more of blocks 302-3 12. Although the blocks are illustrated

in a sequential order, these blocks may in some instances be performed in parallel, and/or in a

different order than those described herein. Also, the various blocks may be combined into

fewer blocks, divided into additional blocks, and/or removed based upon the desired

implementation.

[0064] In addition, for the method 300 and other processes and methods disclosed

herein, the flowchart shows operation of one possible implementation. In this regard, each

block may represent a module, a segment, or a portion of program code, which includes one

or more instructions executable by one or more processors for implementing specific logical

operations or steps in the process. The program code may be stored on any type of computer

readable medium, for example, such as a storage device including a disk or hard drive. The

computer readable medium may include a non-transitory computer readable medium, for

example, such as computer-readable media that stores data for short periods of time like

register memory, processor cache and Random Access Memory (RAM). The computer

readable medium may also include non-transitory media, such as secondary or persistent long

term storage, like read only memory (ROM), optical or magnetic disks, compact-disc read

only memory (CD-ROM), for example. The computer readable media may also be any other

volatile or non-volatile storage systems. The computer readable medium may be considered

a computer readable storage medium, a tangible storage device, or other article of



manufacture, for example.

[0065] In addition, for the method 300 and other processes and methods disclosed

herein, each block in Figure 3 may represent circuitry that is wired to perform the specific

logical operations in the process.

[0066] Operations of the method, and operations of other methods and processes

disclosed herein, are described as performed by a WMS in some examples, such as

computing system 200. However, these operations may be performed in whole or in part by

other entities or combinations of entities. For example, these operations may be managed by

a central server, which can distribute operations to smaller peer-to-peer networks or servers

that may manage portions of the robotic devices. In addition, in examples, the WMS may be

a cloud-based computing system, or other entity configured to manage at least a portion of

the robotic devices to rearrange a layout of the warehouse.

[0067] At block 302, the method 300 includes receiving, at a warehouse management

system (WMS), information of a warehouse and items of the warehouse including real time

inventory of items in the warehouse and real time location data associated with the items as

positioned in the warehouse. The items in the warehouse are arranged on pallets, and the

WMS receives information as to positioning of the pallets in the warehouse as well as a

content of each pallet. In some examples, the information as to positioning of the pallets, and

other real time location data, may be provided to the WMS using sensors, trackers,

transmitters, or other identifiers coupled to pallets or objects in the warehouse and its

environs (e.g., loading bays, parking areas, adjacent storage units, etc.). The WMS may plan

and manage an arrangement and activities of the warehouse. For example, the WMS can use

the real time inventory to determine where to store items to be received on a next business

day, based on purchase order and customer order data, and after an item is received,

determines where to store the item.



[0068] At block 304, the method 300 includes identifying, by the WMS based on

access to one or more of a receiving record, an order fulfillment and a shipping record, an

item shipment expectation including one or more new items expected to be received at the

warehouse at a future date and one or more items present at the warehouse marked for

delivery at the future date. The order fulfillment and shipping records can be sent to the

WMS electronically, or stored on the WMS as well. In addition, the WMS may access the

order fulfillment and shipping records through a network.

[0069] At block 306, the method 300 includes determining an optimal layout of the

items in the warehouse at a present date based on the item shipment expectations. The

optimal layout of the items in the warehouse also may be determined based on business goals

including dates for promotions on items, or forecasting of quantities of items to be delivered.

[0070] Example layouts of the warehouse are illustrated in Figures 4-8, as described

in detail below.

[007 1] The determination of the optimal layout of the items of the warehouse at a

present date can be based on many factors. Optimizations may be determined by analyzing

rearrangements previously performed to determine a cost to switch layouts. The optimization

may be based on an output of a cost function that considers a number of parameters. Some

parameters includes an amount of expected time to deplete inventory, an amount of storage

capacity required for inbound items, and one or more deadlines for a shipment of items.

[0072] In addition, the determination of the optimal layout can be performed by

access to stored configurations of the warehouse, or from past arrangements of the

warehouse. For example, items in the warehouse may be configured in a desired manner, and

the specific configuration can be noted and stored in memory, such as by imaging the

warehouse to note physical locations and positions of pallets. The configuration can be



associated with specific parameters, e.g., storage capacity parameters, outbound throughput

parameters, and for a future rearrangement of the warehouse, a user can input parameters into

the WMS, which then accesses stored configurations to determine an associated optimal

layout based on the parameters input.

[0073] An example layout can include a dense grid layout, in which pallets are stored

densely, while still allowing pallets that are predicted to be (or known to be) in higher

demand to be easier for robotic devices to access in case the pallets need to be moved for

various purposes, thereby controlling how robotic devices access the pallets. The dense grid

layout may have various characteristics. At a minimum, for instance, a distance of a given

pallet from a center of a drive lane of the dense grid layout may be related to the likelihood of

demand for the given pallet.

[0074] As another example, an optimal layout can include a deep lanes layout, which

may be defined by various characteristics. At a minimum, for instance, a deep lanes layout

may include groups of pallets arranged in respective lanes in which some pallets are not

immediately accessible from travel or drive lines due to being set back behind other pallets.

Other layouts are possible as well.

[0075] At block 308, the method 300 includes determining an amount of time to

rearrange the items of the warehouse, by one or more robotic devices rearranging the items,

to the optimal layout based on a time measurement for robotic devices of the one or more

robotic device to perform tasks. A plurality of robotic devices may be used for this purpose

as well. The robotic devices can perform tasks within known time frames, in contrast to

human labor that introduces variability into events. The time measurement may thus be a

fixed time measurement. It can be determined that moving a pallet across the warehouse to a

new location by a specific robotic device will require a certain amount of time. In addition,

with a fleet of robotic devices, the WMS can program each individual robotic device in a way



in which none of the robotic devices cross paths or cause conflicting actions to any others.

This enables each robotic device to operate efficiently independently or jointly, and the fleet

to operate efficiently to perform the rearrangement of the warehouse.

[0076] The WMS may access a database that stores known amounts of time for

performing specific tasks by specific robotic devices, and can determine the amount of time

in total to rearrange the warehouse in this way. In other examples, time for performing

specific tasks by specific robots can be computed in real-time with a high-fidelity simulation

of the tasks in which a simulation is performed to estimate the time to perform the task with

the available robots.

[0077] At block 310, the method 300 includes determining to rearrange the items of

the warehouse based on the amount of time to rearrange the items being less than a threshold

amount of time. Thus, generally, if there is an amount of time available in which the robotic

devices can complete the rearrangement, the WMS will determine to do so. In practice, the

rearrangement can occur overnight when human workers are not present and warehouse

operations are completed for the day. In some example, time may be only one constraint that

s considered when deciding whether to undertake the optimization, and other additional

constraints may also be considered such as current inventor}' of the warehouse, future orders,

future deliveries, number of robotic devices available, current and future batters statuses of

the robotic devices operation of robotic devices that may conflict, etc

[0078] A cost function can associate values with any and all of the parameters

considered to generate a cost to rearrange the warehouse 100, and if the cost is less than a

threshold, then it can be determined beneficial to perform the rearrangement. The cost

function can be maximized or minimized subject to the parameters or constraints. Depending

on the goals desired to be achieved, an example cost function may include:



F(x) = storage + pallets (A-H)/shipping + open docks

where storage refers to an amount of square foot storage needed, pallets (A-H)/shipping

refers to the requirement to have such pallets proximate to shipping docks, and open docks

refers to the requirement to have all shipping docks open and available for use. Values to

associate with such parameters may be based on a 0-100 point system, with zero indicating a

low priority and 100 indicating a necessity. If the cost function in this example scenario is

less than a threshold amount of points, for example, the rearrangement may be considered

recommended, and if the rearrangement can occur in the threshold amount of available time,

the WMS determines to perform the rearrangement. In other examples, the cost function can

be setup as a constrained optimization in which an objective function s established with

respect to some variables in the presence of constraints on those variables. A constraint can

be either a hard constraint which set conditions for the variables that are required to be

satisfied, or a soft constraint which has some variable values that are penalized in the

objective function if, and based on the extent that, the conditions on the variables are not

satisfied. Here, the cost function can be processed to attempt to, for example, minimize the

95th percentile order fulfillment te c , subject to constraints that all shipping dock doors be

available for use. Other goals may be set as well.

[0079] A value to the cost function can be input by a user or received by the WMS

from a user interface, and a threshold for the cost function can also be set by a user. In

further examples, an input to the cost function may be inferred based on goa to minimize

cost or latency or maximize throughput, based on predicted and known future incoming and

outgoing goods.

[0080] Other example cost functions may be used as well, and can consider storage

capacity requirements of the warehouse for the future dates, and well as optimal layouts

satisfying an outbound throughput of items (e.g., access to items along drive lanes in the



warehouse) while also providing a storage capacity requirement for the future dates. The

outbound throughput of items also refers to an ability to access items in a timely manner. For

example, if items are positioned in areas inaccessible due to blocked drive lanes, the

outbound throughput is delayed as the items are unpacked.

[008 1] At block 312, the method 300 includes causing the one or more robotic

devices to rearrange the items of the warehouse to the optimal layout. The WMS may send

electronic messages (e.g., wirelessly) to each robotic device informing of specific tasks to

accomplish the rearrangement, and the robotic devices then can rearrange the items of the

warehouse to the optimal layout. Tasks may include any of those described with reference to

Figure 1 so as to move items in the warehouse 100 from one physical location to another, or

to combine pallets as well.

[0082] In examples, robotic devices can communicate progress and completion of a

performance of a given task to the WMS. Accordingly, the WMS may cause at least one of

the one or more robotic devices to perform another task consecutive to the given task

responsive to the message indicating the completion of the performance of the given task

phase.

[0083] The method 300 includes more than just organizing items within the

warehouse 100 for an efficient order fulfillment, as the items can be rearrangement to take

into account any number of parameters that weight outbound throughput as compared to

storage capacity requirements. In addition, the rearrangement is performed by unmanned

robotic devices that operate based on received instructions, and according to known time

frames to perform a task. Thus, while traditional warehouse environments may not undertake

large rearrangements due to inefficiencies for doing so, or that the benefit for doing so is

outweighed by the cost, the warehouse 100 may be rearranged using robotic devices even in

instances in which a small benefit results.



[0084] The warehouse 100 may be rearranged on a daily basis overnight, so as to

achieve an optimal layout after a day of receiving and shipping items. The optimal layout

may place the warehouse into a configuration optimal for a next business day. In other

examples, the warehouse can be rearranged weekly, monthly, seasonally, or during time

windows in which there is an available amount of time required to perform any desired

rearrangement.

[0085] Further, some portions of the warehouse 100 can be rearranged while others

remain in place. The WMS is programmable to perform any customized rearrangement of

the warehouse 100.

[0086] Figures 4-6 illustrate example layouts of the warehouse. Figure 4 illustrates

an example layout of the warehouse 100 including a number of pallets of items, labeled as

pallets A-H, and shipping docks 110 and 111. In Figure 4, the pallets A-H are arranging in

two rows, and shipping dock 111 is blocked.

[0087] An optimal layout of the warehouse 100 may be determined such that the

shipping dock 111 is open and available for use, and thus, the pallets A-D may be relocated

due to item shipment expectations using the shipping dock 111. Figure 5 illustrates an

example rearrangement of the pallets A-H into the optimal layout. For example, pallets A-D

may be relocated to an open row on the other side of the row of pallets E-H. Once the pallets

A-D are relocated, the shipping dock 111 is now available for use.

[0088] In another example, an optimal layout of the warehouse 100 may be

determined such that both shipping docks 110 and 111 are open and available for use. Figure

6 illustrates an example rearrangement of the pallets A, E, and F for this layout. For

example, the pallets A, E, and F may each be shifted to an adjacent row to provide access to

the shipping dock 111 while also leaving the shipping dock 110 open for use as well.



[0089] Some of these example layouts may be determined based also on item

availability proximal to a shipping dock, and excess inventory of items can be repositioned to

storage locations away from the shipping docks 110 and 111. As an example, pallets A and F

may both contain the same items, and thus, the excess inventory on pallet F can be positioned

into storage toward a rear of the warehouse 100. Or, more simply, the excess inventory on

pallet F can be positioned away from the shipping docks 110 and 111. In other examples,

layouts can be determined by positioning of items in a pallet rack (e.g., where slower moving

or excess inventory s placed higher in a rack) or positioning of items in stacked pallets (e.g.,

where slower moving or excess inventory is placed at a bottom of stacks or deeper in the

pallet lanes).

[0090] In still other examples, Figures 7-8 illustrate further layouts of the warehouse

100. Figure 7 illustrates an example layout of the warehouse 100 including a number of

pallets of items, labeled as pallets A-H, and shipping docks 110 and 111. In addition, new

pallets I-K have just been delivered and received at the shipping dock 110. Figure 8

illustrates an example optimal layout of the warehouse 100 based on a maximum storage

capacity arrangement of the warehouse 100. In this example, the pallets are positioned

toward the walls of the warehouse, and some pallets may be combined, such as pallets C and

D, and G and H . Further, the new pallets I-K that are of a different size may be stacked as

well. This layout shown in Figure 8 may be for a maximum storage capacity of the

warehouse 100 given the size of the pallets in the warehouse 100.

[0091] It should be understood that arrangements described herein are for purposes of

example only. As such, those skilled in the art will appreciate that other arrangements and

other elements (e.g. machines, interfaces, operations, orders, and groupings of operations,

etc.) can be used instead, and some elements may be omitted altogether according to the

desired results. Further, many of the elements that are described are operational entities that



may be implemented as discrete or distributed components or in conjunction with other

components, in any suitable combination and location, or other structural elements described

as independent structures may be combined.

[0092] While various aspects and implementations have been disclosed herein, other

aspects and implementations 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 true scope being indicated by the following claims, along with the full

scope of equivalents to which such claims are entitled. It is also to be understood that the

terminology used herein is for the purpose of describing example implementations only, and

is not intended to be limiting.



CLAIMS

What is claimed is:

1. A method comprising:

receiving, at a warehouse management system (WMS), real time inventory of items in

a warehouse and real time location data of the items;

identifying an item shipment expectation including new items expected to be received

at the warehouse at a future date and items present at the warehouse marked for delivery at

the future date, said identifying being performed by the WMS and based on one or more of a

receiving record, an order fulfillment and a shipping record;

determining an optimal layout of the items based on the item shipment expectation;

determining an amount of time for a robotic device to rearrange the items to the

optimal layout based on a time measurement for the robotic device to perform a task;

determining to rearrange the items of the warehouse based on the amount of time to

rearrange the items being less than a threshold amount of time; and

causing the robotic device to rearrange the items to the optimal layout.

2 . The method of claim 1, wherein the items in the warehouse are arranged on pallets,

and receiving the real time location data includes receiving information as to positioning of

the pallets in the warehouse as well as a content of each pallet.

3 . The method of claim 1, further comprising determining an optimal layout of the items

based on a business goal including a date for a promotion on the items.

4 . The method of claim 1, further comprising determining an optimal layout of the items

based on forecasting of a quantity of items to be delivered.



5 . The method of claim 1, further comprising:

determining an optimal layout of the items based on item availability proximal to a

shipping dock; and

determining to reposition excess inventory of items to storage away from the shipping

dock.

6 . The method of claim 1, further comprising determining an optimal layout of the items

based on a maximum storage capacity arrangement of the warehouse.

7 . The method of claim 1, further comprising:

optimizing the layout of the items of the warehouse based on an output of a cost

function that considers at least the following parameters:

an amount of expected time to deplete inventory;

an amount of storage capacity required for inbound items; and

one or more deadlines for a shipment of items.

8 . The method of claim 1, further comprising:

determining to rearrange the items based on the optimal layout satisfying an outbound

throughput of items and providing a storage capacity requirement for the future date.

9 . The method of claim 1, further comprising:

determining to rearrange the items of the warehouse based on a storage capacity

requirement of the warehouse for the future date.

10. A system comprising:



a robotic device in a warehouse;

a processor; and

data storage comprising instructions executable by the processor to cause the

system to perform operations comprising:

receiving real time inventory of the items in the warehouse and real time

location data of the items;

identifying an item shipment expectation including new items expected to be

received at the warehouse at a future date and items present at the warehouse marked

for delivery at the future date, said identifying based on one or more of a receiving

record, an order fulfillment record and a shipping record;

determining an optimal layout of the items based on the item shipment

expectation;

determining an amount of time for the robotic device to rearrange the items to

the optimal layout based on a time measurement for the robotic device to perform a

task;

determining to rearrange the items of the warehouse based on the amount of

time to rearrange the items being less than a threshold amount of time; and

causing the robotic device to rearrange the items to the optimal layout.

11. The system of claim 10, wherein the items in the warehouse are arranged on pallets,

and receiving the real time location data includes receiving information as to positioning of

the pallets in the warehouse as well as a content of each pallet.

12. The system of claim 10, wherein the operations further comprise:



determining an optimal layout of the items based on item availability proximal to a

shipping dock; and

determining to reposition excess inventory of items into storage away from the

shipping dock.

13. The system of claim 10, wherein the operations further comprise:

optimizing the layout of the items of the warehouse based on an output of a cost

function that considers at least the following parameters:

an amount of expected time to deplete inventory;

an amount of storage capacity required for inbound items; and

one or more deadlines for a shipment of items.

14. The system of claim 10, wherein the operations further comprise:

determining an optimal layout of the items based on a business goal including a date

for a promotion on the items.

15. A non-transitory computer-readable medium having stored thereon program

instructions that when executed by a computing system that includes at least one processor

cause the computing system to perform operations comprising:

receiving real time inventory of items in a warehouse and real time location data of

the items;

identifying an item shipment expectation including new items expected to be received

at the warehouse at a future date and items present at the warehouse marked for delivery at

the future date, said identifying based on one or more of a receiving record, an order

fulfillment and a shipping record;

determining an optimal layout of the items based on the item shipment expectation;



determining an amount of time for a robotic device to rearrange the items to the

optimal layout based on a time measurement for the robotic device to perform a task;

determining to rearrange the items of the warehouse based on the amount of time to

rearrange the items being less than a threshold amount of time; and

causing the robotic device to rearrange the items to the optimal layout.

16. The non-transitory computer-readable medium of claim 15, wherein the operations

further comprise:

determining an optimal layout of the items based on item availability proximal to a

shipping dock; and

determining to position excess inventory of items into storage away from the shipping

dock.

17. The non-transitory computer-readable medium of claim 15, wherein the operations

further comprise:

optimizing the layout of the items of the warehouse based on an output of a cost

function that considers at least the following parameters:

an amount of expected time to deplete inventory;

an amount of storage capacity required for inbound items; and

one or more deadlines for a shipment of items.

18 . The non-transitory computer-readable medium of claim 15, wherein the operations

further comprise:

determining to rearrange the items based on the optimal layout satisfying an outbound

throughput of items and providing a storage capacity requirement for the future date.



19. The non-transitory computer-readable medium of claim 15, wherein the operations

further comprise:

determining to rearrange the items of the warehouse based on a storage capacity

requirement of the warehouse for the future date.

20. The non-transitory computer-readable medium of claim 15, wherein the operations

further comprise:

determining an optimal layout of the items based on a maximum storage capacity

arrangement of the warehouse.
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