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PLANNING AND CONTROLLING AUTOMATED LAYER PICKERS

INCORPORATION BY REFERENCE
[0001] This application claims priority to U.S. Provisional Application Serial No.
63/298,625, filed on January 11, 2022, the disclosure of which is incorporated by reference in
its entirety.

TECHNICAL FIELD
[0002] This document describes technology for planning and controlling automated layer

pickers, such as gantry layer pickers and/or robotic arm layer pickers.

BACKGROUND
[0003] Layer picking is a method of picking and moving layers of items from one pallet
to another pallet. Pallets are generally flat transport structures that support items in a stable
manner and that are adapted to fit forklifts and/or other devices/machines to move the pallets.
Items are arranged in layers on a pallet, such as layers of cases (i.e., boxes of goods) that are
stacked on top of each other. Layer picking is often performed on source pallets bearing
homogenous or similar items are delivered, such as a pallet with layers of cases containing
strawberries, and the picked layers are deposited on a destination pallet, which can combine
full and/or partial layers of different types of items. Layer picking has been performed both
manually and using automated robotic layer pickers. Robotic layer pickers, such as gantry
layer pickers and robotic arm layer pickers, include a layer picking mechanism that is capable
of grasping one or more layers from the top of a source pallet and moving those layers to a
destination pallet. Robotic layer pickers may be limited to picking and depositing layers
within a specified area, such as a picking area. For example, a gantry layer picker, which can
rely on a picking head that is movable via a gantry system suspended above the picking area,
may be limited to picking pallets that are located below and within the reach of the gantry
system. Similarly, a robotic arm layer picker may be limited to picking layers from pallet

positions that are arranged around the robotic arm.
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SUMMARY
[0004] The document generally describes technology for planning and controlling
automated layer pickers, such as gantry layer pickers and/or robotic arm layer pickers, so that
they perform more efficient layer picking activities. For example, the throughput of
automated layer pickers (i.e., the number of layers picked during a period of time, the number
of pallets built/assembled during a period of time) can vary greatly depending on the
efficiency of layer picking operations, including the operations performed by both the
automated layer picker as well as other systems, such as automated systems to move pallets
in and out of the layer picking area. For instance, source pallets that are positioned further
from the destination pallet in a layer picking area can cause the automated layer picker to
travel a further distance to build the destination pallet, which can reduce the throughput of the
layer picker. In another example, an automated layer picker can have a limited pick area
within which layers from source pallets can be picked and destination pallets can be
built/assembled. Moving pallets in and out of layer picking area multiple times before being
fully depleted or fully assembled can use more automated pallet moving resources, which can
cause delays for other pallets moving in and out of the layer picking area as well as for pallets
in other portions of a facility (e.g., warehouse) that rely on those systems as well. The
disclosed technology can increase the efficiency of automated layer pickers and associated
systems, such as automated pallet movers, by generating and controlling automated layer
pickers to perform operations that increase and/or maximize the throughput of automated
layer pickers.
[0005] More particularly, the disclosed technology can provide for determining
arrangements of source pallets and destination pallets in the pick area and scheduling of pick
tasks to optimize throughput in the storage facility. The disclosed technology can provide for
determining, and iteratively modifying, batches of pallets (such as grouping together
destination pallets that may require same items or items from a same source pallet), locations
of pallets (such as relative positioning of source and destination pallets to reduce travel time
and/or distance traveled between pallets), and task schedules (e.g., sequences of operations)
for building destination pallets in the pick area. In other words, using the disclosed

techniques, a computer system can make determinations that divide pick tasks into batches,
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assign pallets within these batches to locations in the pick area, and schedule the pick tasks
(which may have variable start and end locations) for each batch. Determined batches,
locations, and schedules can be assessed to determine whether they are feasible. If any of the
batches, locations, and/or schedules pass the feasibility assessment, the disclosed technology
can provide for scoring those batches, locations, and/or schedules. The disclosed technology
can iteratively make adjustments to the batches, locations, and/or schedules, perform the
feasibility assessment, and then score those that pass the feasibility assessment. The disclosed
technology can then compare the scores for the iteratively adjusted batches, locations, and/or
schedules to previously determined scores for batches, locations, and/or schedules to
determine heuristic batches, locations, and/or schedules (e.g., batches, locations, and/or
schedules whose scores are improvements over prior scores). The heuristic batches, locations,
and/or schedules can be continuously optimized to determine heuristic solutions for a
predetermined amount of iterations. Eventually (e.g., once the predetermined amount of
iterations is completed), a best solution can be selected and provided to the automated layer
picking system. In some implementations, the heuristic batches, locations, and/or schedules
can be selected and provided to the automated layer picking system.

[0006] The pick area can be arranged in a grid layout in which an automated layer
picking head (e.g., gantry head of gantry layer picker and/or gantry crane, picking head
attached to robotic arm etc.) can move to various positions and pick items or layers from the
source pallets in the grid layout to build the destination pallets, also in the pick area. Before
layer picking can occur in the pick area, source pallets can be retrieved from storage areas in
the facility. In automated warehouses, an automated storage and retrieval system (AS/RS) can
retrieve the source pallets from storage racks and route them to the pick area (e.g., by
conveyors and/or vehicles, such as shuttle vehicles). The automated layer picking head can be
positioned above the pick area with the ability to move to various positions to pick up and/or
drop off layers. Destination pallets can be placed at available locations in the pick area. To
pick layers, the automated layer picking head can move to a position above a source pallet,
move down, pick a layer and move up again. Then, the automated layer picking head with the
picked layer can move to a position above the destination pallet, where the automated layer

picking head can move down and place the layer on the destination pallet.
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[0007] The technology described herein can improve performance of the automated layer
picking head in the pick area. The performance can be defined in a variety of ways, such as a
number of layers that the automated layer picking head can pick in an hour (or another
predetermined period of time), which can be referred to as throughput. Due to a limited size
of the pick area, the pick area may not contain all pallets for all orders (e.g., destination
pallets) at the same time. Therefore, batches of tasks that can be processed together have to
be made and source pallets need to be retrieved from and sent back to storage during the
process. The throughput of the automated layer picking head may also depend on location
assignment of pallets in the pick area and picking sequences of layers, since the throughput
increases if a travel distance of the automated layer picking head decreases. Accordingly, the
disclosed technology facilitates automated layer picking in a pick area by maximizing the
throughput. The disclosed techniques can include batching of pick tasks, replenishment of
source pallets from storage to the pick area, location assignment of the source and destination
pallets in the pick area, and the automated layer picking head scheduling of picking tasks. As
a result, destination pallets can be efficiently built in the pick area.

[0008] One or more embodiments described herein can include a system for determining
and controlling automated layer pick operations, the system having an automated layer
picking system in a pick area of a warehouse, the automated layer picking system including a
picking tool that can grasp and move one or more layers of cases from source pallets to
destination pallets in the pick area, and a computer system in communication with the
automated layer picking system. The computer system can receive, from a warehouse
management system, a layer pick planning request for at least one order for items that are
stored in the warehouse, retrieve, from a data store, information associated with the layer pick
planning request that includes layer pick request data, inventory position data, task and
carrier queue data, and status data about the automated layer picking system, and determine,
based on the retrieved information, an initial feasible solution for completing the layer pick
planning request. Determining the initial feasible solution can include determining initial
batches of pallets based on grouping destination pallets that require layers of items from same
source pallets, determining, based on the initial batches of the pallets, corresponding batch

scores that can indicate a total amount of moves required to move the source pallets into the
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pick area for the automated layer picking system to execute the initial batches of pallets in the
pick area, determining initial locations of the pallets in each of the initial batches based on
assigning locations in the pick area to the source pallets and the destination pallets,
determining, based on the initial locations of the pallets, corresponding location scores that
can indicate a total amount of time required by the automated layer picking system to execute
at least one of the initial batches of pallets in the pick area, determining an initial schedule for
each of the initial batches based on determining an order of tasks for the automated layer
picking system to execute to complete the initial batch, and determining, based on the initial
schedule for each of the initial batches, a corresponding schedule score that can indicate a
total distance traveled by the automated layer picking system to execute the tasks in the initial
schedule. The computer system can also iteratively adjust the initial schedule for each batch
to test alternative task schedules, iteratively adjust the initial locations of the pallets for each
batch to test alternative locations based at least in part on the adjusted initial schedule,
iteratively adjust the initial batches to test alternative batches based at least in part on the
adjusted initial schedule and the adjusted initial locations, identify a heuristic solution for the
layer pick planning request based on the alternative task schedules, the alternative locations,
and the alternative batches, and return the heuristic solution for the layer pick planning
request.

[0009] In some implementations, the embodiments described herein can optionally
include one or more of the following features. For example, the automated layer picking
system can be a gantry layer picking system. The picking tool can be a gantry head.
Determining initial batches of pallets further can include determining an order for which the
automated layer picking system to execute the initial batches. Determining initial locations of
pallets can include assigning one or more source pallets required for a first destination pallet
proximate an assigned location of the first destination pallet and assigning one or more other
source pallets required for a second destination pallet proximate an assigned location of the
second destination pallet. Sometimes, the location scores can indicate a total amount of time
required by the automated layer picking system to execute a first batch and at least one
subsequent batch. The location scores can also indicate a total amount of time required by the

automated layer picking system to execute a first batch and at least one prior batch.
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Moreover, the location scores can indicate a total amount of time required by the automated
layer picking system to execute a first batch, at least one prior batch, and at least one
subsequent batch. In some implementations, the computer system can also generate output
based on the heuristic solution for the layer pick planning request. Sometimes the computer
system can generate instructions that, when executed, cause the automated layer picking
system to execute tasks in the heuristic solution to complete orders that comprise the layer
pick planning request.

[0010] As another example, the computer system can iteratively adjust the initial
schedule for each batch to test alternative task schedules based on: moving at least one task in
the initial schedule from a first execution time to a second execution time to generate an
updated schedule, simulating completion of the schedule by the automated layer picking
system to determine a total distance traveled by the automated layer picking system,
generating an updated schedule score based on the total distance traveled by the automated
layer picking system, determining whether the updated schedule score is an improvement
over the schedule score of the initial schedule, identifying the updated schedule as a heuristic
schedule based on a determination that the updated schedule score is an improvement over
the schedule score of the initial schedule, and discarding the updated schedule based on a
determination that the updated schedule score is not an improvement over the schedule score
of the initial schedule. Additionally, the updated schedule score can be an improvement over
the schedule score of the initial schedule if the updated schedule score is less than the
schedule score of the initial schedule. Moving the at least one task can include swapping the
at least one task with another task in the initial schedule. Moving the at least one task can also
include inserting the at least one task into another execution timeslot in the initial schedule. In
some implementations, the heuristic solution can include the updated schedule.

[0011] The computer system can also determine whether the updated schedule is feasible.
Determining whether the updated schedule is feasible can include: identifying a set of
operations for the updated schedule, determining whether the set of operations are accounted
for in the updated schedule, and identifying the updated schedule as feasible based on a
determination that the set of operations are accounted for. Moreover, the computer system

can determine a new task schedule for unaccounted operations based on a determination that
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the set of operations are not accounted for, determine whether the new task schedule
increases a build order by a threshold amount, determine whether the new task schedule
violates at least one transform based on a determination that the new task schedule increases
the build order by the threshold amount, determine whether the new task schedule violates
reverse picks based on a determination that the new task schedule does not violate the at least
one transform, and identify the new task schedule as feasible based on a determination that
the new task schedule does not violate the reverse picks. The computer system may also
determine that the new task schedule is infeasible based on a determination that (i) the new
task schedule does not increase the build order by the threshold amount, (ii) the new task
schedule violates the at least one transform, and (iii) the new task schedule violates the
reverse picks.

[0012] The computer system can also iteratively adjust the initial locations of the pallets
for each batch to test alternative locations based on assigning a source pallet in the batch to a
location other than an assigned location of the source pallet in the initial locations to generate
updated locations, simulating movement by the automated layer picking system between the
updated locations to determine a total time to complete the batch by the automated layer
picking system, generating updated location scores based on the total time to complete the
batch, determining whether the updated location scores are improvements over the location
scores of the initial locations, identifying the updated locations as heuristic locations based on
a determination that the updated location scores are improvements over the location scores of
the initial locations, and discarding the updated locations based on a determination that the
updated location scores are not improvements over the location scores of the initial locations.
Moreover, the updated location scores can be improvements over the location scores of the
initial locations if the updated location scores are less than the location scores of the initial
locations. The heuristic solution can also include the updated locations. The computer system
can determine that the updated locations are feasible based on a determination that the
updated locations of the source pallet are different than assigned locations of other pallets in
the batch such that no two pallets are assigned a same location in the updated locations.
[0013] In some implementations, the computer system can iteratively adjust the initial

batches to test alternative batches based on changing an order in which the initial batches are
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to be completed by the automated layer picking system to generate updated batches,
simulating completion of the updated batches by the automated layer picking system to
determine a total number of moves performed by the automated layer picking system to
complete at least one of the updated batches, generating updated batch scores based on the
total number of moves, determining whether the updated batch scores are improvements over
the batch scores of the initial batches, identifying the updated batches as heuristic batches
based on a determination that the updated batch scores are improvements over the batch
scores of the initial batches, and discarding the updated batches based on a determination that
updated batch scores are not improvements over the batch scores of the initial batches.
Moreover, the updated batch scores can be improvements over the batch scores of the initial
batches if the updated batch scores are less than the batch scores of the initial batches. The
heuristic solution can include the updated batches. The computer system can also determine
that the updated batches are feasible based on a determination that that (i) the updated batches
increase a build order by a threshold amount, (ii) the updated batches do not violate at least
one transform, and (iii) the updated batches do not violate reverse picks.

[0014] Furthermore, the status data about the automated layer picking system can include
(1) at least one of movement and location information about the picking tool, (ii) status
information about a system that is configured to put source pallets in the assigned locations in
the pick area, and (iii) information about whether the assigned locations in the pick area are
filled with the source pallets and ready for picking.

[0015] One or more embodiments described herein can include a method that can be
configured to perform one or more of the abovementioned features and/or embodiments.
[0016] The devices, system, and techniques described herein may provide one or more of
the following advantages. For example, the disclosed technology can provide for planning
layer picking activities in an automated layer picking system by minimizing travel distance of
the automated layer picking head, maximizing throughput, timely and efficiently completing
destination pallets (such as before delivery trucks arrive at the storage facility), and
minimizing a number of source pallets entering or reentering the pick area.

[0017] The disclosed technology also provides for iteratively adjusting determined

batches, pallet locations, and/or task schedules to maximize throughput. Therefore, the
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disclosed techniques can be flexible to real-time changes in orders and availability of source
pallets to provide for dynamic adjustment of operations to be performed by the automated
layer picking system. In some implementations, the disclosed technology can provide for
determining layer picking activities for a batch of several hours of work and calculate a layer
pick sequence for the batch. Additionally or alternatively, the disclosed technology can use
an existing plan for layer picking activities and given a change to this plan (such as source
pallet availability, a new rush order, etc.), locally and iteratively update the plan to determine
and provide a new feasible solution for the automated layer picking system to continue its
layer picking process. A change can occur to this plan with a carrier location update (e.g., a
location of an arriving source pallet or an empty pallet is or has been updated) and/or a
planning update (e.g., a set of tasks to execute by the automated layer picking system has to
be or has been updated). The carrier location update can be triggered when a destination
location of a source pallet to be placed by a vehicle is not available, a destination of an empty
pallet to be placed by the automated layer picking head is not available, a vehicle fails, etc.
The planning update can be triggered by an update to a pallet location, a source pallet not
being available in the pick area (but may eventually become available), a source pallet not
being available for delivery to the pick area (but may eventually become available), a rush
order coming in, an automated layer picking head failure, etc. As a result, the disclosed
technology can provide a continuous process for dynamically determining feasible plans
(e.g., heuristic/optimal solutions) to maximize throughput in the layer picking process.
[0018] In another example, the disclosed technology provide computationally efficient
mechanisms to determine and generate plans for controlling automated layer pickers and
associated automated pallet moving systems. The number of possible permutations of
different batches, pallet positions within a picking area, and then sequences of layer picking
operations for a system to consider in generating a plan is incredibly large. For example, in
an example gantry layer picker area with 200 pallet positions, just the number of possible
arrangements of 200 pallets within this picking area is large (200! = 7.9 x 10°™). When
layering in additional permutations based on different combinations of pallets within batches,
and then different sequences of pick operations within each of these possible pallet

positioning arrangements in the pick area, the number of possible permutations and options to
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be considered to arrive at an efficient solution is immense. A computer system considering
each possible permutation and option would require significant computing resources (e.g.,
multitudes of dedicated CPUs, memory, network bandwidth, etc.) to determine a solution,
and even with those resources a solution may not be determined in a practicable amount of
time. The disclosed technology is able to generate plans in a manner that is computationally
efficient and without considering all possible permutations — permitting for plans to be
generated in a practicable amount of time and using a reasonable amount of computational
resources.

[0019] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1A is a conceptual diagram of an example system for planning layer picking
activities and automatically assembling multiple pallets of items using the planned layer
picking activities.
[0021] FIG. 1B is a conceptual diagram of the example system for planning layer picking
activities.
[0022] FIG. 1C is a top-down view of an example pick area where layer picking activities
may occur in a storage facility.
[0023] FIGs. 2A-B is a flowchart of a process for determining heuristic layer picking
activities for a gantry layer picking system in a storage facility.
[0024] FIG. 3 is a flowchart of a process for determining heuristic batches as part of
planning layer picking activities.
[0025] FIG. 4 is a flowchart of a process for determining heuristic locations for pallets in
a pick area as part of planning layer picking activities.
[0026] FIG. 5A is a flowchart of a process for determining heuristic task schedule swaps
as part of planning layer picking activities.
[0027] FIG. 5B is a flowchart of a process for determining heuristic task schedule

insertions as part of planning layer picking activities.
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[0028] FIGs. 6A-B are system diagrams of components that perform the techniques
described herein.

[0029] FIG. 7 is a flowchart of a process for determining feasibility of a task schedule as
part of planning layer picking activities.

[0030] FIG. 8 is a schematic diagram that shows an example of a computing device and a
mobile computing device.

[0031] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0032] This document generally relates to technology for determining efficient layer
picking activities for an automated layer picking system (e.g., gantry layer picking system,
robotic arm layer picker) in a storage facility. Since a layer picking process in a pick area of
the storage facility is a continuous process, the disclosed technology takes into account
current plans for layer picking and layer pick requests from a warehouse management system
(WMS) that should be added (such as at the end) of a current plan. Using information about
the current plan(s) and the layer pick requests, the disclosed technology can generate a
heuristic plan for determining which source pallets to transport from storage areas to the pick
area and at what time(s), locations to place the retrieved source pallets in the pick area,
locations to place destination pallets in the pick area, and in what order an automated layer
picking head (e.g., gantry layer picker head, robotic arm with attached layer picking head)
should bring layers from the source pallets to the destination pallets that are being built in the
pick area.
[0033] Moreover, the disclosed technology can adapt existing plans for layer picking
activities in the pick area, which can be based on real-time dynamic changes to the storage
facility (e.g., source pallet availability, new rush order(s), etc.). An existing plan, for
example, can be updated locally since other parts of the plan may not be directly affected by
the real-time changes. The disclosed technology can iteratively adjust aspects of the existing
plan, such as batches of pallets, locations of pallets, and task schedules, to determine heuristic
batches, locations, and schedules. The heuristic batches, locations, and schedules can then be

returned as a new plan to be executed by the automated layer picking system.
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[0034] Referring to the figures, FIG. 1A is a conceptual diagram of an example system
100 for planning layer picking activities and automatically assembling multiple pallets of
items using the planned layer picking activities. The system 100 may be implemented as part
of a storage facility, such as a warehouse, a distribution center, a retail warehouse, a cold
storage warchouse, an overseas warehouse, a packing warehouse, a railway warehouse, a
canal warehouse, and other types of warehouses or facilities. The system 100 includes several
areas for arranging pallets 110, such as a supply area 104, a pick area 106, and an output area
108. In some implementations, two or more of the areas 104, 106, and 108 can at least
partially overlap.

[0035] The supply area 104 provides an area in which pallets 110 can be temporarily
placed until they are transported to another storage area in the storage facility and/or the pick
area 106. The supply area 104 may be a predetermined area of the storage facility, and/or
another location remote from the system 100. In some implementations, trucks and other
vehicles can transport the pallets 110 to the supply area 104.

[0036] The pick area 106 provides an area in which layers of items supported on the
pallets 110, such as pallets 110A and 110B, can be moved and/or rearranged between and
amongst the pallets 110. In addition or altematively, layers of items supported on the pallets
110 in the pick area 106 can be moved to empty pallets 110, such as destination pallets, in the
pick area 106 to create new pallets of items to be delivered to customers.

[0037] For example, source pallets 110A can be delivered from the supply area 104 to the
pick area 106. Layers of items on the source pallets 110A can be picked up and moved onto
one or more destination pallets 110B, which can then be discharged or routed by vehicles in
the storage facility to the output area 108. The pallets 110 can be routed throughout the
system by vehicles 140A-N. The vehicles 140A-N can be shuttle carts that move along rails
that are integrated into portions of the system 100, such as in the pick area 106.

[0038] The system 100 can also include an automated layer picking system 120 (e.g.,
gantry layer picking apparatus, robotic arm layer picker) configured to lift, move, and drop
layers of items over pallets 110 in the pick area 106, thereby building desired pallets 110
bearing layers of items from different pallets 110. For the simplicity of discussion throughout

the remainder of this document, the automated layer picker is described as a gantry layer
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picking system, which is an illustrative example of an automated layer picking system.
Discussions with regard to the gantry layer picking system apply to other types of automated
layer picking systems, as well, such as automated robotic arm layer pickers and/or other
automated layer picking systems, which are part of the disclosed technology. As described
further below, a computer system 150 can determine heuristic layer picking activities that can
be performed by the gantry layer picking system 120. Therefore, the gantry layer picking
system 120 can be configured to, based on the determined heuristic layer picking activities,
automatically identify a pallet of desired items, lift one or more layers of items from the
pallet, and move and drop the layers onto a target pallet.

[0039] The gantry layer picking system 120 can include a gantry 122, as illustrated in
FIG. 1A. The layer picking gantry 122 is built over the pick area 106 and can includes a
gantry head 124 (e.g., layer grasping tool, crane, etc.) configured to grasp and release one or
more layers of items using, for example, clamping and/or suction force. The gantry layer
picking system 120 can, in some implementations, pick up 450kg of weight. The system 120
can pick up one layer of items from a pallet. The system 120 can also pick of more than one
layer of items from a pallet. The gantry 122 can include a tool drive mechanism configured to
move the gantry head 124 vertically up and down (e.g., along direction D1 along axis Z),
move it along a width of the pick area 106 (e.g., along direction D2 along axis X), and move
it along a length of the pick area 106 (e.g., along direction D3 along axis Y). The gantry head
124 can therefore move at a maximum speed of on both the X axis and the Y axis, with
acceleration and deceleration. Therefore, the time of moving between all locations 111A-N
can be known and used with the disclosed techniques.

[0040] Alternatively or in addition, the gantry layer picking system 120 can include a
robotic arm having a layer grasping tool or other type of gantry head at its distal end. The
robotic arm can be positioned at a fixed location on the pick area 106, such as a center of the
pick area 106, from which the robotic arm can reach all or some of the pallets 110 arranged
therearound in the pick area 106. Alteratively, the robotic arm can be configured to be
movable along one or more guide rails, or freely, in the pick area 106.

[0041] Alternatively or in addition, any other suitable devices for automated layer picking

operations can be used for the gantry layer picking system 120. For example, in some
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implementations, the gantry layer picking system 120 can include automated vehicles
dedicated or specifically designed for layer picking.

[0042] The output area 108 provides an area in which the pallets 110, such as the
destination pallets 110B, that are transported out from the pick area 106 are arranged to be
delivered to customers. The output area 108 may be a predetermined area of the system 100.
In some implementations, trucks and other vehicles can transport the destination pallets 110B
to the output area 108 and out from the output area 108.

[0043] As mentioned above, the system 100 can further include one or more vehicles
140A-N configured to pick up, carry, and drop pallets 110. The vehicles 140A-N can be
configured to automatically move within the system, such as within the supply area 104,
between the supply area 104 and the pick area 106, within the pick area 106, between the
pick area 106 and the output area 108, and/or within the output area 108. The vehicles 140A-
N can include carts that shuttle back and forth on rails, such as in the pick area 106 of the
system 100. In some implementations, the vehicles 140A-N may be carts that move freely
throughout different areas of the system 100.

[0044] In some implementations, the vehicles 140 include automated guided vehicles
(automated vehicles). Examples of such automated vehicles include automated guided
vehicles (AGVs) and self-driving vehicles (SDVs). For example, an automated vehicle can be
configured to be an AGV that can be a portable robot that can automatically move and
perform several tasks by following predetermined instructions with minimal or no human
intervention. An automated vehicle can be a computer-controlled, unmanned electric vehicle
controlled by pre-programmed software to move pallets around the storage facility.
Alternatively or in addition, automated vehicles can work with guidance devices, such as
magnetic tapes, beacons, barcodes, or predefined laser paths that allow the automated
vehicles to travel on fixed or variable paths in a controlled space, such as in the pick area 106.
Example guidance devices include marked lines or wires on the floor, and/or guidance by
using radio waves, vision cameras, magnets, lasers, and/or other technologies for navigation.
Automated vehicles can include lasers and/or sensors configured to detect obstacles in its

path and trigger them to stop automatically.
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[0045] The system 100 includes the computer system 150 and a warehouse management
system (WMS) 154. The computer system 150 can be configured to control pallet assembly
and/or transportation in the system 100. Although a single computer system 150 is illustrated
and primarily described herein, multiple computing systems and/or devices can be configured
to perform same or similar functions. The computer system 150 can be configured to
communicate with the gantry layer picking system 120 (e.g., the gantry head 124), the WMS
154, and/or the one or more vehicles 140A-N in order to manage and optimize assembly of
pallets in the system 100.

[0046] Still referring to FIG. 1A, automated gantry layer picking can occur in the pick
area 106 with a given layout. In the pick area 106, destination pallets 110B (e.g., order
pallets) can be constructed by the gantry head 124 of the gantry layer picking system 120,
which can use instructions generated by the computer system 150 to pick layers of items from
source pallets 110A (e.g., product pallets) that are also positioned in the pick area 106. The
source pallets 110B can be pallets from a storage area in the storage facility of the system 100
consisting of a certain number of layers of a single item (e.g., product). Destination pallets
110B can be constructed pallets requested by one or more customers and can consist of a mix
of layers of different items or of a single item with a quantity less than a full pallet.
Customers may request a mix of several items with quantities less than a full pallet rather
than a full pallet of a single item. Destination pallets 110B can therefore be constructed using
the gantry layer picking system 120 by executing a set of tasks (e.g., order tasks), such as
bringing x layers of item p to destination pallet 5.

[0047] As shown in FIG. 1A, the pick area 106 can include several locations 111A-N
where source and destination pallets 110A and 110B, respectively, can be placed and where
the gantry head 124 of the gantry layer picking system 120 can pick or drop layers. The
number of these locations 111A-N may be limited. In some implementations, not all source
and destination pallets 110A and 110B, respectively, corresponding to all order tasks can be
in the pick area 106 at the same time. Hence, not all order tasks can be executed in one
operating cycle, but different batches of order tasks may be executed in different operating
cycles. An operating cycle is a period of time in which a batch of order tasks to be executed is

specified, and for this batch, a starting set-up of pallets contains all needed pallets. As a
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result, new pallets that are used for that batch of order tasks may not be brought into the pick
area while the gantry head 124 is executing the batch of order tasks. Source pallets 110A may
have to be retrieved from the storage area (e.g., the supply area 104) and brought to the pick
area 106 when needed in the operating cycle, then sent back when all order tasks concerning
the pallet are executed.

[0048] To automate gantry layer picking and maximize throughput of the gantry layer
picking system 120, the following decisions can be performed and optimized by the computer
system 150 using the disclosed techniques: batching of order tasks that can be executed
together, replenishing source pallets 110A from the supply area 104 to the pick area 106,
assigning locations 111A-N of source and destination pallets 110A and 110B, respectively, in
the pick area 106, and scheduling order tasks. These decisions can be integrated into a model
that uses a number of order tasks to execute as input and provides the decisions for batching
of order tasks, location assignment, and task scheduling as output. From the three output
decisions, a replenishment strategy may also be derived by the computer system 150 in order
to make sure each pallet is at the pick area 106 when it is needed. Hence, the model
formulating automatic gantry layer picking can integrate order task batching, location
assignment, and task scheduling to ensure efficiently and timely building of destination
pallets 110B in the pick area 106 of the storage facility in the system 100.

[0049] A destination pallet 110B can start as an empty pallet, in some implementations.
Sometimes, the destination pallet 110B can be a source pallet 110A that was depleted, that is,
all supplied layers of the source pallet 110A have been picked. When the destination pallet
110A has a corresponding (consecutive) order task(s) that (together) may require(s) an exact
number of layers of a certain item that are present on a source pallet 110A in the pick area
106 and no other order task corresponding to the destination pallet 110B is executed yet, the
destination pallet 110B can also start by transforming that source pallet 110A into the
destination pallet 110B. From the entrance of the pick area 106, source pallets 110A can be
brought to assigned locations 111A-N in the pick area 106 by the vehicles 140A-N. At the
beginning of an operating cycle, for example, a set of source pallets 110A required for order

tasks in a batch can be put into position in the pick area 106.
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[0050] Still referring to FIG. 1A, the WMS 154 can select one or more batches of source
pallets 110A for picking in block A. The WMS 154 can, for example, receive and process
customer orders. The customer orders can indicate what items and/or quantities of items are
requested. The WMS 154 can then identify source pallets 110A in the supply area 104 that
satisfy the requirements in the customer orders. Information for the identified source pallets
110A can be transmitted from the WMS 154 to the computer system 150, which can use this
information to determine batch, location, and scheduling information for each of the customer
orders (block B). Refer to FIG. 1A for additional discussion about determining the batch,
location, and scheduling information.

[0051] The computer system 150 can also transmit instructions to the vehicles 140A-N to
position the source pallets 110A for picking in the pick area 106 based on the determined
information (block C). The vehicles 140A-N can, for example, move the source pallets 110A
from the supply area 104 to one or more assigned locations 111A-N in the pick area 106. As
described above, the vehicles 140A-N in the pick area 106 can be positioned on rails and can
shuttle back and forth in aisles between the locations 111A-N to place the source pallets
110A. Refer to FIG. 1C for additional discussion about layout of the pick area 106.

[0052] The computer system 150 also may generate instructions for executing a layer
picking process by the gantry layer picking system 120. The instructions can include
operations to be executed by the gantry head 124 based on the determined scheduling
information (block D). Therefore, once the source pallets 110A are positioned in the locations
111A-N in the pick area 106, the gantry head 124 can execute operations in the determined
scheduling information to pick layers of items from the source pallets 110A and place them
on the destination pallets 110B, which are also assigned to locations 111A-N in the pick area
106.

[0053] Once the destination pallets 110B are built by the gantry head 124, the vehicles
140A-N can route the destination pallets 110B to the output area 108. In some
implementations, one or more of the destination pallets 110B can also be routed to and used
in manual pick operations 109. For example, the destination pallets 110B can be routed to a
manual pick area in the system 100 where human workers can build partial pick layers (e.g.,

loose picking cases) using these destination pallets 110B. Therefore, the disclosed techniques
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can be used to build full pallets that go out to customers and also pallets that can be used
internally in the system 100 to replenish pallets that are used to complete customer orders.
[0054] FIG. 1B is a conceptual diagram of the example system 100 for planning layer
picking activities. As shown, the computer system 150, the WMS 154, and a data store 156
can communicate via network(s) 152. The computer system 150 can receive information for
layer pick requests from the WMS 154 and/or the data store 156 (block A).

[0055] Using the received information, the computer system 150 can determine batch
scores in block B. The information for layer pick requests can include tasks to complete for
each customer order, which can be referred to as order tasks. The order tasks can be divided
into batches. In some implementations, the computer system 150 can assign order tasks to a
same batch in a same operating cycle if the order tasks require a same item. The computer
system 150 can keep assigning the order tasks to the same batch until the needed source
pallets 110A for these order tasks reach a maximum capacity of the pick area 106 and/or until
all order tasks corresponding to that item are assigned. When all order tasks corresponding to
an item are assigned and the number of source pallets 110A in the pick area 106 has not
reached the maximum yet, order tasks corresponding to another item can be assigned to
batches. Each batch determination can be assessed for feasibility (e.g., refer to FIG. 7) and
then assigned a batch score. As described further in reference to blocks F-H, the computer
system 150 can modify or adjust the determined batches, assess their feasibility, determine
their corresponding batch scores, and determine whether these new batch scores are
improvements over prior batch scores. Batches whose batch scores are improvements over
prior batch scores can be selected as part of a heuristic solution for completing the layer
picking requests.

[0056] Still referring to block B, as part of determining the batch scores, the computer
system 150 can divide the order tasks into batches that correspond to operating cycles. The
number of operating cycles may be unknown beforehand, and the computer system 150 may
keeps adding operating cycles as long as needed until all order tasks can be executed for the
layer picking requests. In some implementations, starting with adding a random order task
from a random item, and its corresponding source pallets 110A, to a first batch, the computer

system 150 can keeps adding order tasks corresponding to that item in a random order to the
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batch until a maximum number of pallets in the pick area 106 is reached and/or until all order
tasks corresponding to that item are assigned. If all order tasks from an item are assigned, a
new item can be selected randomly among all items that have non-assigned order tasks.
When there are still enough locations 111A-N available in the pick area 106, order tasks and
source pallets 110A concerning a next item can be added to the current, first batch. A
destination pallet 110B corresponding to the selected order task can be added. A source pallet
110A corresponding to the selected item can also be added if the item’s cumulative requested
layers of tasks in the batch are more than the item’s cumulative supplied layers of source
pallets 110A in the batch. If the pallets that should be added to the batch cannot be added, a
new batch can be created, and the order task, together with the source and destination pallets
110A and 110B, respectively, can be added to the new batch. The process of adding order
tasks to batches can be repeated until all order tasks are assigned to a batch. In some
implementations, a resulting number of batches can be equal to a total number of operating
cycles.

[0057] In some implementations, a maximum number of pallets does not need to be equal
to a number of pallet locations 111A-N in the pick area 106, since a certain number of
locations 111A-N can be intentionally left empty each operating cycle. Leaving one or more
of the locations 111A-N empty can provide an ability for the vehicles 140A-N to set up for a
next operating cycle while a current operating cycle is being performed by the gantry layer
picking system 120.

[0058] The computer system 150 can also determine location scores in block C. Each
location determination can be assessed for feasibility (e.g., refer to FIG. 7) and then assigned
alocation score. As described further in reference to blocks F-H, the computer system 150
can modify or adjust the determined locations for pallets, assess feasibility of each
determined location, determine location scores for each of the locations that pass the
feasibility assessment, and determine whether these new location scores are improvements
over prior location scores. Locations whose location scores are improvements over prior
location scores can be selected as part of a heuristic solution for completing the layer picking

requests.
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[0059] In some implementations, locations for the pallets that are needed in each
operating cycle can be assigned randomly with equal probability given to each of the
available locations 111A-N. This random location assignment can be used since strategically
assigning the pallets to locations may require a task schedule as input, which is not yet
generated. Hence, in order to maintain processing efficiency, pallets can be assigned to
random locations and the task schedule can then be determined in block D, described below.
[0060] In block D, the computer system 150 can determine schedule scores. Each task
schedule determination, such as a task swap or swap insertion (e.g., refer to FIGs. SA-B) can
be assessed for feasibility (e.g., refer to FIG. 7) and then assigned a schedule score. As
described further in reference to blocks F-H, the computer system 150 can modify or adjust
the determined task schedules, assess their feasibility, determine their corresponding schedule
scores, and determine whether these new schedule scores are improvements over prior
schedule scores. Task schedules whose schedule scores are improvements over prior schedule
scores can be selected as part of a heuristic solution for completing the layer picking requests.
[0061] Therefore, in block D, the computer system 150 can determine a schedule of order
tasks for each operating cycle. Starting with a starting location, a closest source pallet 110A
that can be used to execute a non-executed order task can be determined. Then, from a
location of that source pallet 110A closest to a destination pallet 110B that has a non-
executed order task that needs a picked item can be determined such that a corresponding
pick order task can be executed. If there are multiple equally good options to task ordering,
one of those options can be chosen randomly. From the location of the destination pallet
110B, a closest source pallet 110A can be determined and the process described herein can be
repeated until all order tasks corresponding to the operating cycle can be executed.

[0062] Next, the computer system 150 can determine at least one initial feasible solution
for the layer pick requests based on the batch scores, location scores, and schedule scores
(block E). As described herein, batching of order tasks (block B), assigning locations of
pallets per batch (block C), and task scheduling of order tasks per batch (block D) can be
performed sequentially since location assignment of pallets can require a known batch of
pallets per operating cycle as input, and task scheduling may require locations of the pallets

as input. For given locations and batching of order tasks in the initial solution, a heuristic
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schedule of order tasks per operating cycle can be determined, as described in reference to
FIGs. 5A-B.

[0063] The computer system 150 can also adjust the initial feasible solution in block F
and select a heuristic solution in block G, as described further below. The heuristic solution
can be a good solution, but may not always be a best solution. The heuristic solution can also
be an optimal solution.

[0064] The computer system 150 can, in some implementations, determine a division of
order tasks among operating cycles. For each division of order tasks, the computer system
150 can determine heuristic locations for the pallets and a heuristic schedule of tasks in a
given batch of order tasks. A resulting heuristic solution can be fed back to improve batching
determinations as well as locations and/or scheduling determinations. As an example, a
heuristic schedule can be determined based on iteratively performing one or more scheduling
moves on the initial feasible solution (e.g., swaps and/or insertions, as described in FIGs. SA-
B). After each scheduling move, for a new schedule that may be selected as the heuristic
solution, a best assignment of order tasks to source pallets that are present in each operating
cycle can be determined. Since only a limited number of source pallets of a same item are
present in each operating cycle, a best solution can be determined by considering a set of
possible combinations, such as all possible combinations. This process can be performed to
determine the heuristic schedule.

[0065] The heuristic schedule (e.g., a best solution for scheduling) can then be used as
input to determine heuristic locations. The heuristic locations can be determined by
iteratively adjusting locations in the initial feasible solution until a maximum number of non-
improving location moves are made, further based on the determined heuristic schedule. A
count of non-improving moves can increase by a predetermined amount if a location score,
after performing the move, is higher than before performing the move. This process can be
used to determine the heuristic locations for the heuristic solution.

[0066] Similarly, the heuristic locations can be used as input to determine heuristic
batches. The The same process can be repeated for determining heuristic batches. The
heuristic batches can be determined by iteratively adjusting batches in the initial feasible

solution until a maximum number of non-improving batch moves are made, further based on
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the determined heuristic locations (and optionally the heuristic schedule). A count of non-
improving moves can increase by a predetermined amount if a batch score, after performing
the move, is higher than before performing the move. This process can be used to determine
the heuristic batches for the heuristic solution.

[0067] It can be noted that the heuristic solution can be updated each time that a best
solution, such as a heuristic schedule and/or heuristic locations, is identified, in order to show
the full potential of next possible moves. For a change of locations, for example, first the
heuristic schedule can be updated accordingly before a next location move can be evaluated
to determine an updated heuristic location or locations. For similar reasons, the heuristic
schedule and heuristic locations can be determined first before a first batching move of the
initial feasible solution is performed. Therefore, the initial batching of tasks can be evaluated
more accurately and efficiently using newly determined heuristic schedules and/or heuristic
locations.

[0068] In block H, the computer system 150 can determine whether a stopping criterion is
met. If the criterion is not met, the computer system 150 can continue to iterate through
blocks F and G until the stopping criterion is met. Once the criterion is met, the computer
system 150 can proceed to block I. The stopping criterion can be a predetermined number of
iterations for adjusting the initial solution. One or more other criterion can also be used in
block H.

[0069] In block I, the computer system 150 can generate output based on the selected
heuristic solution for the layer pick requests. Generating the output can include generating
instructions for controlling the gantry layer picking system 120, the vehicles 140A-N, and/or
other components in the system 100. The output can also indicate information about the
selected heuristic solution, which can be transmitted to one or more other computing systems,
such as the WMS 154, to determine instructions to be performed by other components of the
system 100. Refer to FIGs. 6A-B for additional discussion about output that can be generated
by the computer system 150 in block I. Finally, the computer system 150 can transmit
instructions to control the gantry head 124 based on the output (block J). The computer
system 150 can also transmit instructions to control components of the gantry layer picking

system 120 to one or more other computing systems in the system 100.
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[0070] FIG. 1C is a top-down view of an example pick area 106 where layer picking
activities may occur in the example system 100. The pick area 106 can include aisles 160A-C
positioned between locations 166A-N (e.g., refer to the locations 111A-N in FIG. 1A).
Source and destination pallets, as described in reference to FIGs. 1A-B, can be positioned in
any of the locations 166A-N. Source pallets, for example, can be routed down a conveyor
system 162A and/or 162B from supply and/or storage areas throughout the system 100. The
pallets that arrive from the conveyor systems 162A and/or 162B can then be automatically
lowered onto hold blocks 164A-H so that the pallets are at an appropriate height for retrieval
by the vehicles 140A-C (e.g., rail-guided vehicles). The vehicles 140A-C can shuttle back
and forth in the aisles 160A-C, pick up the pallets at the hold blocks 164A-N, and move those
pallets to appropriate locations 166A-N in the pick area 106.

[0071] Determinations made by the computer system 150, as described in FIGs. 1A-B,
can then be used to control gantry heads 124A and 124B on respective layer picking gantries
122A and 122B of the gantry layer picking system 120. For example, the gantry heads 124A
and 124B can be independently moved along a length of the respective layer picking gantries
122A and 122B and raised and lowered to pick layers from pallets and put the picked layers
on pallets in the locations 166A-N. The layer picking gantries 122A and 122B can also be
independently moved along lengths of the gantry layer picking system 120 (e.g., from a left
to a right side of the pick area 106) so that the gantry heads 124A and 124B can access pallets
at various different locations throughout the pick area 106, such as the locations 166B and
166C.

[0072] FIGs. 2A-B is a flowchart of a process 200 for determining heuristic layer picking
activities for a gantry layer picking system in a storage facility. The process 200 can be
performed by the computer system 150. The process 200 can also be performed by one or
more other computing systems, devices, computers, networks, cloud-based systems, and/or
cloud-based services. For illustrative purposes, the process 200 is described from the
perspective of a computer system.

[0073] Referring to the process 200 in both FIGs. 2A-B, the computer system can receive
at least one layer pick planning request in block 202. Refer to FIGs. 1A-B and FIGs. 6A-B

for additional discussion about receiving the at least one layer pick planning request. In brief,
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the layer pick planning request can be a request to build a pallet for a customer with layers of
certain items. The request can also indicate if any of the layers and/or items in the customer’s
order are interchangeable. The computer system can then determine how best to build a
destination pallet for that particular customer’s order using the disclosed techniques.

[0074] In block 204, the computer system can retrieve data for layer pick planning based
on the received request. For example, the computer system can retrieve layer pick request
data (block 206), inventory position data (block 208), and task and carrier queue data (block
210). In some implementations, the data described in blocks 206-210 can be transmitted to
the computer system in block 202 with the layer pick planning request. The layer pick
planning request and the data can be received from the WMS 154, the data store 156, and/or
one or more other data stores and/or computing systems in communication with the computer
system. Refer to FIGs. 6A-B for additional discussion about the retrieved data.

[0075] Next, the computer system can determine an initial feasible solution based on the
retrieved data (block 212). This determination can include determining initial batches and
corresponding batch scores (block 214), determining initial locations for pallets in the initial
batches and corresponding location scores (block 216), and determining initial task
schedule(s) for the initial batches and corresponding schedule scores (block 218).

[0076] The initial batches that are determined in block 214 can be groups of pallets, such
as destination pallets for one or more layer pick planning requests, that can be built during a
same operating cycle (e.g., at a same time). For example, destination pallets for different
orders that require layers from a source pallet of beef can be grouped together in a batch since
completing the layers of beef for those destination pallets at once can be more efficient than
building those destination pallets at different times or during different operating cycles.
Determining the initial batches can include determining whether the initial batches are
feasible. The initial batches can be considered feasible, by the computer system, if fewer
pallets in a batch are positioned in a pick area than there are locations available in the pick
area. Refer to FIG. 7 for additional discussion. It can be efficient and throughput-maximizing
if a batch of pallets can be built while keeping some locations in the pick area available.
Some of the locations can be kept open in the event that additional pallets, such as for rush

orders, need to be added to the current operating cycle. Keeping open some of the locations
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can also be beneficial to ensure that empty destination pallets for a next operating cycle can
be put into those empty locations so that the next operating cycle can be performed
immediately after completion of the current operating cycle, without lag time between cycles.
In some implementations, a batch can include approximately 20 orders. Additional or fewer
orders can be included in a batch as long as some locations may remain open.

[0077] To determine the initial batches, the computer system can add pallets to a batch so
long as locations are available to receive the pallets in the pick area. If locations are not
available, then the pallets can be added to a new batch. Moreover, pallets that may be needed
to build destination pallets in a next operating cycle or in the future can be added to one or
more new batches.

[0078] Additionally, the batch scores for the initial batches can be determined in block
214 based on how many moves may be required in the pick area to complete a batch.
Moreover, the batch scores can indicate how many moves may be required to move the
source pallets for the batch into the pick area so that the gantry layer picking system can then
execute the batch. The batch scores can be a numeric value indicating a number of moves in
the pick area for the batch (e.g., moves in and out of the pick area by the gantry layer picking
system). Accordingly, a lower batch score can be preferred and considered an improvement
over a higher batch score because the lower batch score can indicate fewer moves being made
for the particular batch.

[0079] In some implementations, batch scores for one or more batches can be decreased
or lowered based on a determined order of the batches. For example, the computer system
can determine batches 1, 2, and 3 and order them as 1, 2, and 3. If the computer system orders
the batches as 1, 3, and 2, the batch score for each of the batches can be reduced because
batches 1 and 3 may require layers from a same source pallet. Thus, by leaving the same
source pallet in the pick area so that both batches 1 and 3 can be completed sequentially, a
total number of moves in and out of the pick area are reduced (after all, the source pallet can
remain in the pick area while two batches are prepared). On the other hand, if the batches are
prepared in the order of 1, 2, and then 3, when batch 1 is complete, the gantry layer picking
system would have to make additional moves to move the source pallet for batches 1 and 3

out of the pick area to make room for source pallets for batch 2. When it is time to complete
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batch 3, the gantry layer picking system would then have to make additional moves to bring
the source pallet for batches 1 and 3 back into the pick area, thereby resulting in more moves
than if the batches are ordered as 1, 3, and then 2. Therefore, the ordering of batches, as
determined by the computer system in block 216 can also impact the batch scores.

[0080] In block 216, the computer system can determine locations for each pallet in a
batch within the pick area. In other words, the computer system can determine and assign
specific locations in the pick area to each source pallet in a batch that is used to build one or
more destination pallets. The computer system can also determine whether the initial
locations are feasible before considering them as part of the initial feasible solution. Refer to
FIG. 7 for additional discussion about the feasibility assessment. Once the computer system
determines locations for pallets in a first batch, the computer system can determine locations
for pallets in a second batch and so on, for each remaining batch of pallets. Sometimes, a
source pallet may not be completely depleted for the first batch, so the computer system can
determine that that source pallet should remain in its assigned location for the next batch to
be completed in the pick area. That source pallet may then be removed from the pick area, or
used as a destination pallet, once the source pallet is completely depleted of its layers. The
computer system can assign source pallets to locations that are close to locations of
destination pallets requiring layers from those source pallets, which can reduce a total amount
of time needed to complete a batch and/or subsequent batches. For example, a customer’s
destination pallet can require two layers of beef, one layer of canned peas, and one layer of
carrots. The computer system can assign a source pallet of beef to a location that is
proximate, adjacent, or otherwise near an assigned location of a source pallet of canned peas,
an assigned location of a source pallet of carrots, and/or an assigned location of the
destination pallet. Therefore, when the gantry layer picking system builds the customer’s
destination pallet, the gantry may travel a shorter distance, and therefore use less time, to pick
the abovementioned layers and complete building the destination pallet. This can maximize
throughput and improve efficiency in the picking and pallet building process.

[0081] Additionally, the location scores for the initial locations can be determined in
block 216 based on estimated time needed to execute a batch. A location score can, for

example, be a numeric value indicating an estimated time to build all destination pallets in the
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batch. The location score can, additionally or alternatively, be a numeric value indicating an
estimated total time for completing batches that are ordered before and/or after each other. A
lower location score can indicate less time needed to complete the batch or batches than a
higher location score. The estimated total time can indicate potential inefficiencies that may
be experienced in the pick area if the batches are executed in that order. The computer system
can run simulations to estimate how long it would take to complete a batch, one or more
batches before the batch, one or more batches after the batch, and/or any lag time between the
batch(es).

[0082] For example, the computer system can run simulations to estimate how long it
takes to complete batches in the order of 1, 2, and 3, which can be initial locations determined
in block 216. The computer system can assign a location score to each of the batches, which
can be impacted by the order of these batches. The location scores for the batches can be high
values because it can take more time to complete the batches in this order than if the batches
are ordered as 1, 3, and then 2. In some implementations, location scores can be incremented
by location scores of adjacent batches. For example, in the example of batches in the order of
1, 2, and 3, batch 2 can have a location score that is incremented by the location scores of 1
and 3. Thus, if it takes a significant amount of time to complete batches 1 and 3, then batch
2’s location score can be increased to reflect the inefficiencies in completing the batches in
the order of 1, 2, and 3.

[0083] In block 218, the computer system can determine initial task schedules that can
reduce a total distance traveled (e.g., lateral distance) by the gantry layer picking system to
build the destination pallets for a batch in the pick area. The computer system can also
determine whether the initial task schedules are feasible before considering them as part of
the initial feasible solution. Refer to FIG. 7 for additional discussion about the feasibility
assessment. The computer system can run simulations to estimate the total distance traveled
to complete each batch. The computer system can simulate what pallets need to be builtin a
batch (based on the initial batches determined in block 214) and placement of the pallets for
the batch in the assigned locations of the pick area (based on the initial locations determined
in block 216). Then the computer system can simulate an order of tasks to perform to

complete the batch, which can be referred to as an initial task schedule. The computer system
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can assess and quantify a total distance traveled by the gantry layer picking system when
performing the simulated order of tasks. The total distance traveled can be used to determine
the schedule score for that simulated order of tasks.

[0084] Accordingly, the schedule scores for the initial task schedule(s) can be determined
in block 218 based on estimated travel distance to complete the batch. The schedule scores
can be assigned numeric values indicating total estimated travel distance. A lower schedule
score can indicate less distance traveled by the gantry layer picking system while a higher
schedule score can indicate more distance being traveled.

[0085] As described herein, the initial batches, initial locations, and initial schedules can
be sequentially determined since each determination can be provided as input to a next
determination in order to generate the initial feasible solution. In other words, the initial
batches can be used as input to determine, by the computer system, the initial locations, and
the initial locations can then be used as input to determine, by the computer system, the initial
schedule(s).

[0086] Once the initial feasible solution is determined, the computer system can
iteratively adjust one or more of the batches, locations, and/or task schedule(s) to determine a
heuristic solution. The heuristic solution can be a best or optimal solution for efficiently
picking and building destination pallets in the pick area to maximize throughput. Once the
batches, locations, and/or task schedules are iteratively adjusted, the computer system can
evaluate the adjustments and determine whether they are an improvement over prior
adjustments and/or the initial batches, locations, and/or task schedules. Iterative adjustments
that are improvements can be selected as part of the heuristic solution. As described herein,
he computer system can iteratively adjust the task schedule(s) first, then adjust the locations
based on the adjusted task schedule(s), and then adjust the batches based on the adjusted
locations.

[0087] For example, the computer system can iteratively adjust the task schedule(s) for
the batches to test alternative task schedules in block 220. Initially, the computer system can
iteratively adjust the task schedule(s) for the initial batches. Subsequently, the computer
system can iteratively adjust the task schedule(s) for any new batches that are determined

and/or initial batches that are modified/iteratively adjusted. When iteratively adjusting the
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task schedule(s), the computer system can seek to minimize total distance traveled by the
gantry layer picking system to complete the batch. To iteratively adjust a task schedule, the
computer system can swap, move, or otherwise insert one or more tasks in the schedule for
the batch (refer to FIGs. SA-B). The computer system can then determine whether the swap,
move, or insertion is feasible (refer to FIG. 7), and if it is feasible, the computer system can
score the adjusted task schedule. The computer system can determine whether the score for
the adjusted schedule is an improvement over the score for the initial task schedule and/or
other schedules that were previously updated/adjusted. The computer system can continue to
iteratively adjust the task schedules as described here to determine which alternative task
schedule can be optimal, preferred, or otherwise an improvement over other task schedules.
The optimal, preferred, or improved task schedule can have a lowest estimated travel distance
by the gantry layer picking system to complete the batch.

[0088] In block 222, the computer system can iteratively adjust the locations for the
pallets in the batches to test alternative location adjustments based at least in part on the task
schedules. To iteratively adjust the locations, both the operating time of the gantry head and a
setup time associated with location assignments can be considered, as described in reference
to block 216. Initially, the computer system can iteratively adjust the initial locations for the
initial batches. Subsequently, the computer system can iteratively adjust the locations for any
new batches and/or initial batches that are modified/iteratively adjusted. When iteratively
adjusting the locations for a batch, the computer system can seek to minimize total time to
build the batch and/or build consecutive batches. To iteratively adjust locations in the batch,
the computer system can swap and/or move one or more location assignments for the batch
(refer to FIG. 4). The computer system can then determine whether the move is feasible (refer
to FIG. 7), and if it is feasible, the computer system can score the adjusted locations. The
computer system can determine whether the score for the adjusted locations is an
improvement over the score for the initial locations and/or other locations that were
previously updated/adjusted for the batch. The computer system can continue to iteratively
adjust the assigned locations as described here to determine which alternative locations can

be optimal, preferred, or otherwise an improvement over other assigned locations for the
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batch. The optimal, preferred, or improved locations can have a lowest estimated completion
time for the gantry layer picking system to build all the pallets in the batch.

[0089] The computer system can also iteratively adjust the batches to test alternative
batch adjustments based at least in part on the task schedules and the locations (block 224).
To iteratively adjust the batches, the computer system can evaluate batch moves by
considering the operating time of the gantry head as well, the setup time, and tasks in the task
schedule for the batch. Initially, the computer system can iteratively adjust the initial batches.
Subsequently, the computer system can iteratively adjust any new batches that are determined
and/or initial batches that are modified/iteratively adjusted. When iteratively adjusting the
batches, the computer system can seek to group together as many pallets as possible that can
be fulfilled using the same source pallets. To iteratively adjust a batch, the computer system
can swap, move, or otherwise insert one or more pallets in the batch (refer to FIG. 3). The
computer system can also modify ordering of a series of batches, such as batches 1, 2, and 3
described above, so as to reduce an amount of moves needed to go in and out of the pick area
to complete a batch as well as other batches in a series of batches. The computer system can
then determine whether the adjustment is feasible (refer to FIG. 7), and if it is feasible, the
computer system can score the adjusted batch. The computer system can determine whether
the score for the adjusted batch is an improvement over the score for the initial batch and/or
other batches that were previously updated/adjusted. The computer system can continue to
iteratively adjust the batches as described here to determine which alternative batch can be
optimal, preferred, or otherwise an improvement over other batches. The optimal, preferred,
or improved batch can have a minimum amount of moves needed to go in and out of the pick
area to complete the batch and/or subsequent batches.

[0090] The computer system can then determine whether a sufficiently good solution,
such as a heuristic solution, can be identified/found in block 226. The computer system can
identify a sufficiently good solution as one whose batch, location, and/or schedule scores are
improvements over other batch, location, and/or schedule scores. The sufficiently good
solution can be referred to as a heuristic solution. The sufficiently good solution may be a

best, preferred, or otherwise optimal solution.
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[0091] If the computer system does not identify a sufficiently good solution, the
computer system can return to block 220 and iteratively adjust the schedules, locations,
and/or batches in blocks 220-224 until a sufficiently good solution can be identified. If a
sufficiently good solution is identified in block 226, the computer system can select the
sufficiently good solution for the layer pick planning request (block 228). Therefore, the
computer system may select, as the heuristic solution, a solution that includes a schedule,
locations, and batches having improved respective scores over scores for other (such as the
initial) schedule, locations, and/or batches that are determined using the disclosed techniques.
In other words, the selected solution may include batches that require a minimum number of
moves in and out of the pick area, assigned locations that require a least amount of time to
complete a batch and/or subsequent batches, and a schedule that requires a least amount of
distance traveled by the gantry layer picking system to complete a batch.

[0092] The computer system can also generate output based on the selected solution for
the layer pick planning request (block 230). Refer to FIGs. 1B-C for additional discussion
about the output. As an example, the computer system can generate a response to the layer
pick planning request in block 232. The response can include an indication that a sufficiently
good solution (e.g., the heuristic solution) has been identified and selected for the layer pick
planning request. The response can also include information about the selected sufficiently
good solution.

[0093] The computer system can also generate task queues for the gantry layer picking
system described herein (block 234). The tasks queues can include control instructions for
moving components of the gantry layer picking system in the pick area to fulfill the layer
pick planning request. Similarly, as described herein, the computer system can generate
instructions that, when executed (by the computer system 150 and/or a controller of the
gantry layer picking system, cause the gantry head of the gantry layer picking system to
perform tasks in the schedule for the selected sufficiently good solution. Moreover, the
computer system can generate a carrier queue in block 236. The carrier queue can indicate
which source pallets to send at which times to particular gantry layer picking systems in pick
areas. The computer system can generate one or more other types of output in block 234. The

output generated by the computer system can be transmitted to other computing systems,
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such as the WMS 154. The output from the process 200 can then be used by the other
computing systems to perform or otherwise determine one or more other operations in the
storage facility.

[0094] FIG. 3 is a flowchart of a process 300 for determining heuristic batches as part of
planning layer picking activities. The process 300 can be performed as part of block 224 in
the process 200 of FIGs. 2A-B, in which the computer system iteratively adjusts the batches
to test alternative batch adjustments. The process 300 can be performed by the computer
system 150. The process 300 can also be performed by one or more other computing systems,
devices, computers, networks, cloud-based systems, and/or cloud-based services. For
illustrative purposes, the process 300 is described from the perspective of a computer system.
[0095] Referring to the process 300 in FIG. 3, the computer system can identify initial
batches and corresponding batch scores in block 302. In some implementations, the computer
system can also identify any adjusted batches or new batches as well as their corresponding
batch scores. It can be noted that any batches that are determined by the computer system can
be stored in a data store (e.g., the data store 156) and can be retrieved by the computer system
in block 302.

[0096] In block 304, the computer system can identify a set of possible batch moves. The
computer system can determine, for example, one or more other orders of batches. As
described in the process 200, an initial batch order can be 1, 2, 3. In block 304, the computer
system can identify a possible batch order of 1, 3, and 2. The computer system can also
determine one or more other possible batch moves. The computer system can also determine,
for example, one or more moves of pallets between batches. For example, batches 1 and 3
can include destination pallets that require layers of items from a same source pallet. The
computer system can move a destination pallet from batch 1 to batch 3 so that the destination
pallets requiring items from the same source pallet can be grouped in the same batch.

[0097] The computer system can then move a pallet in the initial batches based on one of
the possible batch moves (block 306). In the above example, the computer system can move a
destination pallet from batch 1 to batch 3. In block 306, the computer system can also move

batches in an order of batches. For example, the computer system can swap the order of
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batches 2 and 3 in the above example so that a new order of batches is 1, 3, and then 2. One
or more other moves can be made in block 306 based on the set of possible batch moves.
[0098] The computer system can determine updated batch scores based on the move in
block 308. The computer system can determine the updated batch scores based on the
techniques described in the process 200 of FIGs. 2A-B. In some implementations, the
computer system can first determine whether the move is feasible, as described in FIG. 7. If
the move is feasible, the computer system can determine an updated batch score for the
move. If the move is not feasible, then the computer system can proceed to block 314,
discussed below.

[0099] In block 310, the computer system can determine whether the updated batch
scores are an improvement over the batch scores for the initial batches. For example, the
computer system can compare an updated batch score to a last (e.g., prior) batch score. If the
updated batch score is lower than the last batch score, then the computer system can
determine that the updated score is an improvement over the last score. In some
implementations, the computer system can also compare the updated batch score to more than
one batch score that was previously determined.

[0100] If the updated batch scores are not improvements over the initial batch scores, the
computer system can discard the move in block 322. In other words, the updated batch score
can be higher than last batch scores, such as initial batch scores, which means that the
updated batch requires more moves to be made in and out of the pick area than prior
determined batches. The updated batch may therefore not be efficient and thus not an
improvement over prior determined batches. As a result, the updated batch can be discarded
or otherwise not considered as a heuristic batch. The computer system can then proceed to
block 314, discussed below.

[0101] If, on the other hand, the updated batch scores are improvements over the initial
batch scores, then the computer system can proceed to block 312, in which the computer
system can store the move as a candidate move for heuristic batches. The move can be stored
in a data store, such as the data store 156. After all, the move can result in updated batches
that require fewer moves than other batches that have been determined by the computer

system. Heuristic batches can include optimal batches to complete the layer picking request.
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[0102] Next, in block 314, the computer system can determine whether there are more
possible batch moves that can be made. If there are more batch moves that can be made, then
the computer system can return to block 306 and repeat blocks 306-312 until no additional
batch moves are possible. If, on the other hand, there are no more possible batch moves in
block 314, the computer system can proceed to block 316.

[0103] In block 316, the computer system can retrieve the stored candidate moves for the
heuristic batches. The computer system can retrieve the candidate moves from the data store.
The computer system can then identify at least one move that satisfies heuristic batch criteria
in block 318. In some implementations, a move can satisfy the heuristic batch criteria if the
move has a batch score that is less than a threshold score. The move can also satisfy the
criteria if the move has a batch score that is less than other moves that have been determined
or initial batches (e.g., a lowest batch score). As another example, in situations where more
than one move has a same lowest batch score, the computer system can randomly select one
of the moves having the same lowest batch score. One or more other criteria can also be used
to determine which one or more batch moves can be implemented as part of a heuristic
solution to complete the layer picking request. Finally, in block 320, the computer system can
return the identified at least one move for generation of the heuristic batches. Therefore, the
move can be used to determine optimal or preferred batches for completing the layer picking
request.

[0104] The process 300 can be repeated for each batch that has been determined, such as
initial batches. The process 300 can also be performed and repeated for each layer picking
request that is received by the computer system from the WMS. Moreover, the process 300
can be performed each time that a task schedule and/or locations for a batch are iteratively
adjusted, as described further below. The process 300 can be iteratively performed until a
heuristic solution is determined for a particular batch and/or a particular layer picking
request.

[0105] FIG. 4 is a flowchart of a process 400 for determining heuristic locations for
pallets in a pick area as part of planning layer picking activities. The process 400 can be
performed as part of block 222 in the process 200 of FIGs. 2A-B, in which the computer

system iteratively adjusts the locations to test alternative location adjustments. The process
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400 can be performed by the computer system 150. The process 400 can also be performed
by one or more other computing systems, devices, computers, networks, cloud-based
systems, and/or cloud-based services. For illustrative purposes, the process 400 is described
from the perspective of a computer system.

[0106] Referring to the process 400, the computer system can identify locations for
pallets in a batch and their corresponding location scores in block 402. The locations can be
previously determined in the process 200, as described in FIGs. 2A-B. The batch can be an
initial batch from an initial feasible solution (e.g., refer to FIGs. 2A-B). The batch can also be
amoved batch or a heuristic batch, as described in FIG. 3.

[0107] In block 404, the computer system can identify a set of possible location moves.
The computer system can determine and simulate, for example, one or more other location
assignments for source pallets and/or destination pallets in the batch. Once the computer
system identifies possible location moves, the computer system can move a pallet in the batch
based on one of the possible moves (block 406). For example, a move can include assigning a
source pallet to a location closest to a location of another source pallet, where the another
source pallet can be picked immediately after the moved source pallet. As another example, a
move can include assigning a source pallet to a location closest to a location of a destination
pallet, where the destination pallet may require multiple layers of items from that source
pallet. As part of moving the pallet based on one of the possible moves, the computer system
can estimate a total amount of time needed for the gantry layer picking system to move
between the assigned locations to complete the batch.

[0108] The computer system can determine an updated location score based on the move
in block 408. The updated location score can be a numeric value indicating the estimated total
amount of time needed to complete the batch, as described above. In some implementations,
as described in reference to FIG. 3, the computer system may first determine whether the
location move is feasible before determining the updated location score. Therefore, the
computer system may only determine the updated location score if the move is feasible. If the
move is not feasible, then the computer system can discard the move in block 422 and

proceed to block 414.
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[0109] The computer system can determine whether the updated location score is an
improvement over the location score for the batch (block 410). As described above, the
updated location score can be an improvement over the location score, or multiple prior
location scores for the batch, if the updated location score is less than the other location
score(s). A smaller location score can indicate less total time needed to complete the batch,
which means higher efficiency and maximizing throughput. As described in reference to the
process 200 in FIGs. 2A-B, the smaller location score can also indicate less total time needed
to complete multiple subsequent batches. After all, a location score of a batch can include
location scores for batches before and/or after the batch. Thus, the location score for the batch
can provide a more holistic metric indicating efficiency of the gantry layer picking system in
completing multiple batches and maximizing throughput.

[0110] If the updated location score is not an improvement, meaning the updated location
score is greater than the other location score(s), then the computer system can discard the
move in block 422. After all, the move may not result in lowering a total amount of time
needed by the gantry layer picking system to complete the batch. The computer system can
then proceed to block 414, described further below.

[0111] If the updated location score is an improvement, meaning the updated location
score is less than the other location score(s), then the computer system can store the move as
a candidate move for heuristic pallet locations in block 412. After all, the move may result in
lowering a total amount of time needed to complete the batch, which is an indicator of
improved efficiency and throughput by the gantry layer picking system. The move can be
stored in a data store, such as the data store 156.

[0112] Next, in block 414, the computer system can determine whether there are more
possible location moves that can be determined. If more moves are possible, the computer
system can return to block 406 and repeat blocks 406-412 until there are no more possible
location moves to make. If no more moves are possible in block 414, the computer system
can retrieve the stored candidate moves for the heuristic pallet locations in block 416.

[0113] The computer system can then identify at least one move that satisfies heuristic
pallet locations criteria in block 418. For example, the computer system can select a move

having a lowest updated location score amongst the moves. The lowest updated location
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score can indicate that the move results in a least amount of time needed by the gantry layer
picking system to complete the batch. In some implementations, the moves having updated
location scores within a threshold range or less than a threshold value can be selected in block
418. Those moves can be identified as, in the aggregate, resulting in a least amount of time
for batch completion. One or more other criteria can be used to identify the move(s) that
maximizes efficiency and improves throughput in the picking process.

[0114] Finally, the computer system can return the identified at least one move for
generation of the heuristic pallet locations (block 420). The at least one move can be returned
as a heuristic move for the heuristic solution described herein. Thus, the at least one move
can be used to efficiently complete the layer picking request.

[0115] The process 400 can be repeated for each batch that has been determined, such as
initial batches. The process 400 can also be performed and repeated for each layer picking
request that is received by the computer system from the WMS. Moreover, the process 400
can be performed each time that a task schedule for a batch is iteratively adjusted, as
described further below. The process 400 can be iteratively performed until a heuristic
solution is determined for a particular batch and/or a particular layer picking request.

[0116] FIG. 5A is a flowchart of a process 500 for determining heuristic task schedule
swaps as part of planning layer picking activities. The process 500 can be performed to iterate
through changes to a task schedule. For example, the process 500 can begin with a current
task schedule, such as an initial task schedule and a computer system can flip or swap
sequences of tasks in the schedule then check whether those flips or swaps are feasible. The
flips or swaps can be evaluated by determining their corresponding schedule scores and
whether those schedule scores are better than the schedule score for the current task schedule.
Flips or swaps that have improved schedule scores can be saved and selected when
determining a heuristic schedule for completing the corresponding layer pick planning
request.

[0117] The process 500 can be performed as part of block 220 in the process 200 of FIGs.
2A-B, in which the computer system iteratively adjusts the task schedule(s) to test alternative
schedule adjustments. The process 500 can be performed by the computer system 150. The

process 500 can also be performed by one or more other computing systems, devices,
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computers, networks, cloud-based systems, and/or cloud-based services. For illustrative
purposes, the process 500 is described from the perspective of a computer system.

[0118] Referring to the process 500 in FIG. 5A, the computer system can identify a task
schedule for a batch and a corresponding schedule score in block 502. The batch can be an
initial batch from an initial feasible solution (e.g., refer to FIGs. 2A-B). The batch can also be
a moved batch or a heuristic batch, as described in FIG. 3.

[0119] In block 504, the computer system can identify a set of possible schedule swaps.
The computer system can simulate, for example, swapping or flipping the order of one or
more tasks in the task schedule. The computer system can then swap tasks in the schedule
based on the possible schedule swaps in block 506. For example, a swap can include flipping
a first task with a fifth task so that the first task is performed fifth and the fifth task is
performed first. As part of swapping one or more tasks in the schedule for the batch, the
computer system can estimate a total distance traveled by the gantry layer picking system to
complete the tasks in the updated order.

[0120] Next, in block 508, the computer system can determine whether the updated
schedule with the swapped tasks is feasible. Refer to FIG. 7 for additional discussion about
the feasibility assessment.

[0121] If the updated schedule is not feasible, the computer system can discard the swap
in block 524 then proceed to block 516, discussed further below. If the updated schedule is
feasible, the computer system can determine an updated schedule score based on the swap in
block 510. The updated schedule score can be a numeric indication of the total distance
traveled by the gantry layer picking system to complete the tasks in the updated schedule.
The computer system can determine whether the updated schedule score is an improvement
over the schedule score for the task schedule (block 512). The updated schedule score can be
an improvement over the schedule score for the task schedule, such as the initial score or
prior adjusted task schedules, if the updated schedule score is less than the schedule score. A
smaller schedule score can indicate less total distance to be traveled by the gantry layer
picking system than a higher schedule score.

[0122] Accordingly, if the updated schedule score is not an improvement over the

schedule score, then the computer system can discard the swap in block 524. After all, the
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updated schedule may require the gantry layer picking system to travel a greater distance than
the initial task schedule or other prior adjusted task schedules. The computer system can then
proceed to block 516, described further below.

[0123] If the updated schedule score is an improvement, then the computer system can
store the swap as a candidate swap for heuristic task schedules in block 514. After all, the
updated schedule may require the gantry layer picking system to travel a smaller distance
than the initial task schedule or other prior adjusted task schedules, thereby indicating that the
updated schedule is more efficient and maximizes throughput. The swap can be stored in a
data store, such as the data store 156.

[0124] Next, in block 516, the computer system can determine whether there are more
possible task swaps that can be determined, made, and/or simulated. If more swaps are
possible, the computer system can return to block 506 and repeat blocks 506-514 until there
are no more possible task swaps. If no more swaps are possible in block 516, the computer
system can retrieve the stored candidate swaps for the heuristic task schedules in block 518.
[0125] The computer system can then identify at least one swap that satisfies heuristic
task schedules criteria in block 520. As described above in reference to the processes 300 and
400 in FIGs. 3 and 4, respectively, the at least one swap can be identified if it’s corresponding
schedule score is less than any other candidate swap’s schedule score. In some
implementations, the computer system can identify more than one swap as satisfying the
criteria if the more than one swap have corresponding schedule scores that are within a
threshold range and/or less than a threshold value. One or more other criteria can be used to
identify the at least one swap in block 516.

[0126] Finally, the computer system can return the identified at least one swap for
generation of the heuristic task schedule (block 522). In other words, the at least one swap
can be used to determine the heuristic task schedule for the heuristic solution of the layer
picking request. The at least one swap can be used for the heuristic solution of the batch since
the at least one swap can result in reducing a total distance traveled by the gantry layer
picking system when completing the batch.

[0127] As described above, the process 500 can be repeated for each batch that has been

determined, such as initial batches. The process 500 can also be performed and repeated for
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each layer picking request that is received by the computer system from the WMS. Moreover,
the process 500 can be iteratively performed until a heuristic solution is determined for a
particular batch and/or a particular layer picking request.

[0128] FIG. 5B is a flowchart of a process 550 for determining heuristic task schedule
insertions as part of planning layer picking activities. In the process 550, tasks that are
initially slotted to start at one time can be moved to start at another time. Such insertions can
be assessed for feasibility and to determine whether the insertions are improvements over
prior schedule scores, as described above. The process 550 can be performed as part of block
220 in the process 200 of FIGs. 2A-B, in which the computer system iteratively adjusts the
task schedule(s) to test alternative schedule adjustments. The process 550 can be performed
by the computer system 150. The process 550 can also be performed by one or more other
computing systems, devices, computers, networks, cloud-based systems, and/or cloud-based
services. For illustrative purposes, the process 550 is described from the perspective of a
computer system.

[0129] Referring to the process 550 in FIG. 5B, the computer system can identify a task
schedule for a batch and a corresponding schedule score in block 552. Refer to the block 502
in the process 500 of FIG. 5A for additional discussion.

[0130] In block 554, the computer system can identify a set of possible schedule
insertions. Similar to the set of possible schedule swaps in block 504 of the process 500, the
computer system can determine where throughout the task schedule one or more tasks can be
inserted (e.g., moved).

[0131] The computer system can then insert a task into the task schedule based on the
possible schedule insertions in block 556. The computer system moves the task from a
position that the task was previously in in the schedule to another, different position in the
schedule. As part of inserting the task into the task schedule, the computer system can also
estimate a total distance traveled by the gantry layer picking system to complete the tasks in
the order they appear in the task schedule.

[0132] Next, in block 558, the computer system can determine whether the updated
schedule with the inserted tasks is feasible. Refer to FIG. 7 for additional discussion about the

feasibility assessment. If the updated schedule is not feasible, the computer system can
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discard the insertion in block 574 then proceed to block 566 discussed further below. If the
updated schedule is feasible, the computer system can determine an updated schedule score
based on the insertion in block 560. As described above, the updated schedule score can be a
numeric value indicating the estimated total distance traveled by the gantry layer picking
system to complete the tasks according to the updated schedule.

[0133] The computer system can determine whether the updated schedule score is an
improvement over the schedule score for the task schedule (block 562). An updated schedule
score that is less than (e.g., smaller than) the schedule score for the task schedule, such as an
initial task schedule or other prior adjusted schedules, can be an improvement. After all, the
smaller updated schedule score can indicate less total distance traveled by the gantry layer
picking system. Less total distance traveled by the gantry layer picking system is indicative
of improved efficiency and maximizing throughput in the picking process.

[0134] If the updated schedule score is not an improvement, then the computer system
can discard the insertion in block 574. After all, the insertion can cause the gantry layer
picking system to travel more distance than if the insertion was not made. The computer
system can then proceed to block 566, described further below.

[0135] If the updated schedule score is an improvement, then the computer system can
store the insertion as a candidate insertion for heuristic task schedules in block 568. After all,
the insertion can cause the gantry layer picking system to travel less distance than with the
initial task schedule and/or other prior adjusted task schedules.

[0136] Next, in block 566, the computer system can determine whether there are more
possible task insertions that can be determined, made, and/or simulated. If more insertions are
possible, the computer system can return to block 556 and repeat blocks 556-564 until there
are no more possible task insertions. If no more insertions are possible in block 566, the
computer system can retrieve the stored candidate insertions for the heuristic task schedules
in block 568.

[0137] The computer system can identify at least one insertion that satisfies heuristic task
schedules criteria in block 570. As described above, the computer system can identify an
insertion having a lowest updated schedule score amongst the candidate insertions that are

stored. The computer system can also identify one or more insertions amongst the candidate
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insertions having updated schedule scores within a threshold range and/or less than a
threshold value. One or more other criteria can be used to identify the at least one insertion
that can be used to determine a heuristic task schedule

[0138] Finally, the computer system can return the identified at least one insertion for
generation of the heuristic task schedule (block 572). As described herein, the at least one
insertion can provide efficiency and maximize throughput for the picking process. Therefore,
the at least one insertion can be identified for the heuristic task schedule in the heuristic
solution for the layer picking request. The at least one insertion can also be used to iteratively
adjust any one or more heuristic locations and/or heuristic batches that are determined in the
processes 300 and 400.

[0139] Moreover, in some implementations, swaps and insertions may be performed to
generate the heuristic solution. The computer system can first evaluate the swaps, weigh the
swaps according to the corresponding schedule scores, and then determine whether to update
the schedule based on the scheduling scores for the swaps. If the computer system determines
that the schedule should be updated, the computer system can update the schedule to generate
an updated schedule. Then, the computer system can evaluate insertions, weigh the insertions
according to the corresponding schedule scores, and then determine whether to update the
updated schedule with the insertions. Therefore, the computer system can perform favorable
swaps to generate an updated schedule, when perform favorable insertions on the updated
schedule. In some implementations, the computer system can determine that no swaps are
favorable but may perform favorable insertions. As another example, the computer system
can perform favorable swaps to generate the updated schedule, but may not perform
insertions because the insertions may not be favorable for the updated schedule. As yet
another example, the computer system can determine that neither swaps nor insertions are
favorable to update the schedule.

[0140] As described above, the process 550 can be repeated for each batch that has been
determined, such as initial batches. The process 550 can also be performed and repeated for
each layer picking request that is received by the computer system from the WMS. Moreover,
the process 550 can be iteratively performed until a heuristic solution is determined for a

particular batch and/or a particular layer picking request.
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[0141] FIGs. 6A-B are system diagrams of components that perform the techniques
described herein. Referring to both FIGs. 6A-B, the computer system 150, WMS 154, and
data store 156 communicate with each other via network(s) 152 described herein. The
computer system 150 can include processor(s) 600, layer pick planning subsystem 602, and a
communication interface 604. The processor(s) 600 can execute instructions to perform the
operations described throughout this disclosure. The communication interface 604 can
provide for communication between components of the computer system 150 and the WMS
154 and/or data store 152 via the network(s) 152.

[0142] As described herein, the computer system 150 can include various subsystems for
performing different functions to optimize efficiency in a storage facility, such as a
warehouse. As a non-limiting example, the computer system 150 can include a subsystem for
processing and generating orders to create layer pick planning requests. Another subsystem
can generate layer pick planning requests. Yet another subsystem can generate a preferred or
best solution for organizing source and/or destination pallets in various locations throughout a
warehouse, such as in storage areas. As another example, a subsystem can generate a
preferred layout for various areas throughout the warehouse, including storage or supply
areas, pick areas, manual assembly areas, and outbound areas. One or more other subsystems
are possible. Moreover, one or more subsystems can be part of separate or different computer
systems that are in communication with the computer system 150, the WMS 154, and/or the
data store 156 via the network(s) 152.

[0143] Here, the layer pick planning subsystem 602 is displayed as being part of the
computer system 150. The subsystem 602 can be configured to perform the operations
described herein, such as determining an initial feasible solution for a layer pick planning
request, scoring each determined batch, location, and task schedule, iteratively adjusting the
determined batches, locations, and task schedules, and determining a heuristic (e.g.,
preferred, optimal, best) solution for the layer pick planning request. The heuristic solution
for the layer pick planning request can then be transmitted to the WMS 154 or another
subsystem of the computer system 150 for additional processing and operations. For example,
the WMS 154 or another subsystem 150 can transmit instructions to a gantry layer picking

system that causes the gantry layer picking system to perform operations of the heuristic
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solution. As another example, and as described throughout this disclosure, the subsystem 602
(or the computer system 150, more generally) can also generate and transmit the instructions
to the gantry layer picking system to perform the operations of the heuristic solution.

[0144] The layer pick planning subsystem 602 can include an initial feasible solution
determiner 606, a batch determiner 608, a location determiner 610, a schedule determiner
612, aheuristic solution engine 614, a solution selection engine 616, and an output generator
618.

[0145] The initial feasible solution determiner 606 can be configured to determine an
initial feasible solution for a layer pick planning request that is received from the WMS 154.
As described in the process 200 in FIGs. 2A-B, the determiner 606 can identify initial
batches, locations, and schedules as part of determining the initial feasible solution. The
determiner 606 can also determine scores for each of the initial batches, locations, and
schedules. The initial feasible solution can be stored as data 636A-N. The stored data 636A-N
can include, but is not limited to, corresponding layer pick request data 620A-N, the initial
feasible solution for the layer pick planning request, initial batch data (e.g., grouping of
pallets in batches and/or order of batches), initial location data (e.g., location assignments for
pallets in each batch), initial schedule data (e.g., order of tasks to be performed for each
batch), batch score(s), location score(s), and schedule score(s). One or more other
information can also be stored in the data 636 A-N.

[0146] The batch determiner 608 can be configured to determine initial batches for layer
pick planning requests and/or iterative adjustments of initial batches or prior
determined/adjusted batches. The batch determiner 608 can also determine corresponding
batch scores for the determined batches. Moreover, the batch determiner 608 can perform a
feasibility assessment as described in FIG. 7. Refer to the processes 200 and 300 in FIGs. 2A-
B and 3 for additional discussion about batch determinations.

[0147] The location determiner 610 can be configured to determine initial location
assignments for layer pick planning requests and/or iterative adjustments of initial locations
or prior determined/adjusted locations. The location determiner 610 can also determine
corresponding location scores for the determined locations. Moreover, the location

determiner 610 can perform a feasibility assessment as described in FIG. 7. Refer to the
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processes 200 and 400 in FIGs. 2A-B and 4 for additional discussion about location
determinations.

[0148] The schedule determiner 612 can be configured to determine initial task schedules
for layer pick planning requests and/or iterative adjustments of task schedules or prior
determined/adjusted task schedules. The schedule determiner 612 can also determine
corresponding schedule scores for the determined task schedules. Moreover, the schedule
determiner 612 can perform a feasibility assessment as described in FIG. 7. Refer to the
processes 200, 500, and 550 in FIGs. 2A-B, 5A, and 5B for additional discussion about
location determinations.

[0149] The heuristic solution engine 614 can receive the initial batches, initial locations,
initial task schedules, iteratively adjusted batches, iteratively adjusted locations, and
iteratively adjusted task schedules, and their corresponding scores, from the initial feasible
solution determiner 606, the batch determiner 608, the location determiner 610, and/or the
schedule determiner 612. The engine 614 can then determine whether iteratively adjusted
batches, locations, and/or task schedules are improvements over other, prior batches,
locations, and/or task schedules. Refer to the processes 200, 300, 400, 500, and 550 in FIGs.
2A-B, 3, 4, 5A, and 5B for additional discussion about identifying improvements. The
heuristic solution engine 614 can then generate a heuristic solution for the layer pick planning
request using the batches, locations, and task schedules that are identified as improvements.
In some implementations, generation of the heuristic solution can be performed by the
solution selection engine 616. Thus the heuristic solution engine 614 may instead determine
whether any batches, locations, and/or schedules are improvements over prior batches,
locations, and/or schedules. The engine 614 can then discard batches, locations, and/or
schedules that are not improvements and store, in the data store 156, batches, locations,
and/or schedules that are improvements as candidate batches, locations, and/or schedules for
the heuristic solution.

[0150] The solution selection engine 616 can be configured to determine which candidate
batches, locations, and/or schedules satisfy criteria to be selected for the heuristic solution.
The solution selection engine 616 can, for example, identify candidate batch, location, and/or

schedule that has a lowest corresponding score or otherwise has a corresponding score that is
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within a threshold amount or less than a threshold value. The identified batch, location,
and/or schedule can then be selected and added to the heuristic solution for the layer pick
planning request. Whenever one or more schedules, locations, and/or tasks are iteratively
adjusted by one or more components of the computer system 150, the solution selection
engine 616 can regenerate or otherwise modify the heuristic solution to include candidate
batches, locations, and schedules that satisfy criteria to be selected for the heuristic solution.
The engine 616 can also store the heuristic solution, such as in output 638A-N.

[0151] The output generator 618 can receive the heuristic solution from the solution
selection engine 616 and use it to generate output for the layer pick planning request. The
output, as described throughout this disclosure, can include an indication of batches,
locations, and task schedules that have been identified as part of the heuristic solution for the
layer pick planning request. The output can also include instructions that, when executed by
components of the gantry layer picking system, cause the gantry layer picking system to
perform operations to complete the layer pick planning request (according to the heuristic
solution).

[0152] Output generated by the generator 618 can be stored as output 638A-N. The
output 638A-N can include corresponding layer pick request data 620A-N, the heuristic
solution for the layer pick planning request, heuristic batch data (e.g., groups of pallets in
batches, batch order, heuristic batch scores), heuristic location data (e.g., location
assignments for pallets in each batch, heuristic location scores), heuristic schedule data (e.g.,
order of tasks in a schedule, heuristic schedule scores), heuristic batch score, heuristic
location score, heuristic schedule score, task queue, and/or carrier queue. Moreover, the
output 638A-N can include, for each gantry layer picking system, a set of tasks to execute,
with each task having data that may include gantry layer picking system ID, gantry head ID,
task code, corresponding request code, task execution order, source pallet data, destination
pallet data, task type, number of layers, exception execution order, and expected start and end
times. For each source pallet that has to be transported to the pick area, the output 638A-N
can include a pallet ID, item code, customer code, number of cases on the pallet, number of

layers reserved for layer picking, number of layers to remove file, best-before data,
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destination gantry layer picking system ID, destination pallet stand location number, expected
release time, expected time needed, and/or expected usable time.

[0153] Components of the layer pick planning subsystem 602 can receive, or retrieve, a
variety of data to perform the techniques described herein. For example, the components of
the subsystem 602 can receive layer pick request data 620A-N from the data store 156 and/or
the WMS 154 to then determine an initial feasible solution for the layer pick request. The
data 620A-N can be used to build pallets both for outbound (e.g., destination pallets to
customers) and for replenishment of flow racks or other locations in the storage facility.
[0154] The components of the subsystem 602 may receive a set of layer pick requests and
their corresponding data 620A-N to be added at an end of a current planning process. The
data 620A-N can include a request code, status code, and set of orders 622A-N to be
processed. Each order 622A-N can include data such as a request code, facility code, order
number, rush order flag (e.g., Y/N, yes/no, etc.), and a set of destination pallets to build. For
each destination pallet to build, the order data 622A-N can further include pallet numbers
(e.g., identifiers such as IDs, SKUs, barcodes, etc.), a number of layers to pick, layer height,
layer weight, temperature zone for the pallet, and/or a build order. In some implementations,
for each destination pallet, the order data 622A-N can also include an owner code (e.g.,
customer code or ID), truck or other vehicle arrival for outbound shipment, and/or item codes
(e.g., IDs).

[0155] Additionally, the components of the subsystem 602 can receive from the WMS
154 or retrieve from the data store 156 gantry task data 624 A-N, which can also be used to
determine the initial feasible solution. The gantry task data 624 A-N can include a gantry ID
(e.g., such as a gantry pick area ID, a gantry head ID, etc.), task code(s) to be performed by
the gantry layer picking system, task execution order(s), source pallet(s) ID(s), source
pallet(s) location ID(s), destination pallet(s) ID(s), destination pallet(s) location ID(s), task
type(s) that can be performed, number of layers to build, an/or expected start/end times of
tasks by the corresponding gantry layer picking system. The task types can include but are
not limited to gantry layer pick move, empty pallet move, administrative tasks such as
swapping and/or assigning tasks, and/or transferring vehicle tasks out of the pick area. In

some implementations, the gantry task data 624A-N can also include corresponding request
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codes for tasks to be performed by the gantry layer picking system and/or exception
execution orders.

[0156] Moreover, the components of the subsystem 602 can receive from the WMS 154
or retrieve from the data store source pallet data 626A-N to be used to determine the initial
feasible solution for the layer pick planning request. The source pallet data 626A-N can
include but is not limited to pallet ID, item code(s), owner code(s), total number of cases on a
pallet, number of layers reserved for layer picking, destination gantry ID, destination pallet
location ID in the pick area, expected release time, and/or expected time needed (e.g., when a
first pick may happen for the layer pick planning request). In some implementations, the
source pallet data 626A-N can also include a best-before date (e.g., if the items on the pallet
are food items such as perishables like meat and vegetables in a cold storage facility). The
source pallet data 626A-N may also include data such as a number of layers to remove foil or
other wrapping around such layers. Moreover, the source pallet data 626A-N can include
expected time of usability, which can indicate when a destination location pallet stand (e.g.,
an assigned location in the pick area) may be free.

[0157] The components of the subsystem 602 may also receive or retrieve supporting
data about items and/or inventory positions to perform the techniques described herein. This
supporting data may be standardized across different WMSs. From inventory position
supporting data, the components of the subsystem 602 can select sets of needed source pallets
to satisfy the layer pick planning requests that are received from the WMS 154. For example,
the components of the subsystem 602 can retrieve item master information at least for a set of
items needed for the destination pallets to build in the layer pick planning requests. The item
master information can include, but is not limited to, item codes, number of cases per layer
(e.g., ti of a full pallet), number of layers on a pallet (e.g., hi of a full pallet), layer height,
layer weight, and/or temperature zone. The components of the subsystem 602 can also
retrieve the source pallet data 626 A-N as described above.

[0158] The components of the subsystem 602 may also receive or retrieve gantry
configuration data 628 A-N to perform one or more of the techniques described herein. For
example, the data 628 A-N can be used to determine and/or estimate total times for the gantry

layer picking system to complete tasks in a schedule or schedules for the layer pick planning
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request. The data 628 A-N can therefore be used to simulate the initial feasible solution and
adjustments to batches, locations, and/or schedules for the layer pick planning request.
moreover, the data 628 A-N can be used to determine batch, location, and schedule scores.
[0159] The gantry configuration data 628 A-N can include gantry pallet data 630A-N,
gantry head data 632A-N, and/or transfer vehicle data 634A-N. The gantry pallet data 630A-
N can include gantry ID, position ID and/or type, transfer vehicle ID, X-coordinate, and Y-
coordinate. The gantry head data 632A-N can include X/Y direction maximum speed, X/Y
direction acceleration, Z direction maximum speed, Z direction acceleration, Z direction
deceleration, inflation time, and deflation time. The transfer vehicle data 634A-N can include
maximum speed, acceleration, deceleration, pickup time, and drop off time.

[0160] In implementations in which a carrier location update and/or a planning update is
received by the computer system 150, components of the computer system 150 may require
additional data to update a location within a heuristic solution or perform another adjustment
to a solution for a layer pick planning request. With a carrier location update, the components
of the computer system 150 may receive a pick area ID, pallet IDs, and/or current locations of
pallets (e.g., outside the pick area, within the pick area) to determine one or more adjustments
to the solution for the layer pick planning request. With a planning update, the components of
the computer system 150 may receive data such as a set of tasks from the current solution that
are involved (e.g., need to be removed, re-planned, and/or a corresponding pallet location that
has been updated). For each task in the set of tasks, the data can include a task ID, request
code, pick area ID, gantry head ID, and/or expected time available. The components of the
computer system 150 may also receive a set of layer pick planning requests that may be
added to a list of operations to be performed by the components. For each request in the set of
layer pick planning requests, the received data can include a request code, facility code, order
number, rush order flag, and data about a set of pallets to build for an order in the request.
Supporting data, as described above, can also be received and used to select new pallets from
inventory, for example if a source pallet is not available to be delivered to the pick area
and/or if a rush order has been added to the layer pick planning requests.

[0161] One or more other data can be used to perform the techniques described herein.

FIG. 7 is a flowchart of a process 700 for determining feasibility of a task schedule as part of
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planning layer picking activities. Although the process 700 is described in reference to task
schedule feasibility, the process 700 can also be used to determine feasibility of batch
adjustments as well as location adjustments. For example, the computer system described
herein can determine that location adjustments are feasible based on a determination that a
source pallet or destination pallet is not assigned, for a same period of time, a same location
in the pick area as another source pallet or destination pallet. As another example, the
computer system can determine that batch adjustments are feasible based on a determination
that (1) the batch adjustments increase a build order by a threshold amount, (ii) the batch
adjustments do not violate at least one transform, and (iii) the batch adjustments do not
violate reverse picks.

[0162] Moreover, the process 700 can be performed as part of blocks 220, 222, and/or
224 in the process 200 of FIGs. 2A-B, in which the computer system can iteratively adjust the
batches, locations, and schedules to test alterative batches, locations, and schedule
adjustments for the layer pick planning request. Likewise, the process 700 can be performed
during the processes 300, 400, 500, and/or 550, before batch, location, and/or schedule scores
are determined.

[0163] The initial feasible solution described in the process 200 can be constructed to be
feasible. Testing alternative locations for a batch (e.g., refer to the process 400 in FIG. 4) can
sometimes cause scheduling adjustments that may not be feasible. As an illustrative example,
insertion moves can be restricted to empty pallet locations or locations where a
transformation of source pallet to destination pallet can occur. As a result, such location
swaps can be considered feasible. However, transforming a source pallet into a destination
pallet requires inserting the source pallet and the order pallet at the same location. This
transformation can occur when no other order task corresponding to the destination pallet is
executed yet and an order task(s) activating this transformation require(s) an exact amount of
layers of the item that are present on the source pallet right before executing the order task(s).
When multiple order tasks activate this transformation, these order tasks have to be executed
right after each other. Hence, when this transformation is included in the solution, such as a
heuristic solution, additional feasibility conditions arise when testing alternative schedules. In

that case, a scheduling move can be feasible if it does not change supplied layers of the

50



WO 2023/137036 PCT/US2023/010552

transformed source pallet just before the order task(s) activating the transformation and if it
leaves the destination pallet unused just before the order task(s) activate the transformation.
[0164] Moreover, in testing alternative batches, batch moves can be feasible when a
number of pallets needed to execute the order tasks of an operating cycle does not exceed a
maximum number of pallets that fit in the pick area. Hence, creating a not yet existing
operating cycle in a batching insertion adjustment by inserting an order task into this new
operating cycle can be considered feasible. An operating cycle can be removed as well, if all
order tasks of that operating cycle are inserted into other operating cycles. In case
transformations of source pallets to destination pallets are included, similar or same
additional conditions as in testing alternative schedules may arise.

[0165] The process 700 can be performed by the computer system 150. The process 700
can also be performed by one or more other computing systems, devices, computers,
networks, cloud-based systems, and/or cloud-based services. For illustrative purposes, the
process 700 is described from the perspective of a computer system.

[0166] Referring to the process 700, the computer system can retrieve a task schedule for
a batch in block 702. The batch can be an initial batch, an updated or new batch, and/or a
heuristic batch as described throughout this disclosure. The task schedule can be retrieved
from a data store.

[0167] In block 704, the computer system can identify a set of operations for the task
schedule. For example, the computer system can identify all tasks to be performed (or
otherwise assigned in) the schedule.

[0168] The computer system can then determine whether all of the operations in the set
are accounted for in block 706. In other words, the computer system can determine whether
all operations (e.g., tasks) have been assigned positions in the schedule to ensure that all
operations are performed and not left out from a schedule. If operations are left out, then one
or more destination pallets may not be fully or properly built, resulting in incomplete batches,
and inefficiencies in the picking process.

[0169] If all of the operations are accounted for, the computer system can identify the
task schedule as feasible in block 708. Therefore, the computer system can determine that the

task schedule is, at a minimum, good enough to complete the batch because all operations
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that need to be performed are slotted in positions in the schedule. The computer system can
then continue with processes described above, such as with blocks 308 in the process 300 of
FIG. 3, 408 in the process 400 of FIG. 4, 510 in the process 500 of FIG. 5A, and 560 in the
process 550 of FIG. 5B.

[0170] If all of the operations are not accounted for in block 706, the computer system
can proceed to block 710, in which the computer system can determine one or more new task
schedules for the unaccounted operations. Sometimes, the task schedule may include some of
the operations but not all. For example, the task schedule may not include operations when
not all depleted pallets that are not reused are cleaned up in the batch. Thus, additional tasks
to clean up depleted source pallets and/or depleted pallet stacks (e.g., pallets containing
empty pallets that are used as starting pallets for destination pallets) may be added later to the
task schedule. These tasks may not be part of the task schedule but can depend on which
source pallets are chosen and in which order tasks are to be executed. Thus, these additional
tasks can be added later into the task schedule, especially in instances where a depleted
source pallet is determined as one not to be reused. As another example, some operations
may not be included in the task schedule for reverse picking. With reverse picking, some
tasks created in the task schedule may need to be replaced by other tasks that execute a
reverse pick rather than a ‘normal” pick. These tasks for reverse picking may depend on an
order of tasks in the task schedule and thus can be added later to the task schedule in
situations where reverse picking may be more efficient than normal picking tasks.

[0171] In order to complete the batch, the unaccounted operations should be slotted in
one or more other task schedules. The decision of which unaccounted operations to put in the
one or more other task schedules can be based on which schedule is missing those
unaccounted operations. For example, the decision can depend on which task schedule
involves a depleted source pallet and/or which task schedule initially involves normal picking
and now should include reverse picking. A task schedule having the depleted source pallet
can be updated to include the corresponding unaccounted operations while a task schedule
that should include reverse picking should be updated to include the corresponding

unaccounted operations.
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[0172] Next, the computer system can determine whether the new task schedule(s)
increase a build order by a threshold amount (block 712). If the new task schedule(s) does not
increase the build order by the threshold amount, the computer system can identify the new
task schedule(s) as infeasible in block 718. If the new task schedule(s) does increase the build
order by the threshold amount, the computer system can proceed to block 714. The new task
schedule(s) is feasible if it increases build orders of the same destination pallet by the
threshold amount. In some implementations, the threshold amount can be 1. One or more
other threshold amounts can also be used. In some implementations, the computer system can
also identify the new task schedule(s) as feasible in block 718 if the new task schedule(s)
results in building orders of the same destination pallet in a sequence (e.g., [0, 1,1, 1,2, 2, 3,
3] instead of [0, 1,2, 3, 2, 1]).

[0173] In block 714, the computer system can determine whether the new task
schedule(s) violates transforms. A transform is when a source pallet can be used as a starting
pallet of a destination pallet. As described throughout this disclosure, a depleted source pallet
can be transformed into the starting pallet of any destination pallet that may require a same
pallet type as the depleted source pallet. A depleted source pallet can also be transformed into
a starting pallet if the source pallet has x layers on it if the destination pallet requires the same
pallet type and also needs (at least) x layers for the destination pallet’s building order. If any
of the transforms are violated, the computer system can identify the new task schedule(s) as
infeasible in block 718. If any of the transforms are not violated, the computer system can
proceed to block 716.

[0174] In block 716, the computer system can determine whether the new task
schedule(s) violate reverse picks. A reverse pick is a process in which a few layers from the
source pallet are first moved to another pallet such that a transform, as described above in
block 714, can be performed. As an illustrative example, eight layers of an item may be
needed for a destination pallet and a source pallet holds ten layers of the item. Instead of
moving the eight layers from the source pallet to another pallet designated as the destination
pallet, reverse picking can be performed in which two layers from the source pallet are
moved to the another pallet. Then, the source pallet (holding the eight layers) can be
transformed into the destination pallet and the another pallet (holding the two layers) can be
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transformed into a source pallet. If one or more of the reverse picks are violated, the
computer system can identify the new task schedule(s) as infeasible (block 718). If the
reverse picks are not violated, the computer system can identify the new task schedule(s) as
feasible in block 720.

[0175] The computer system can then determine whether more task schedules are
available for feasibility assessment in block 722. If there are more task schedules, the
computer system can return to block 702 and repeat the process 700 for all remaining task
schedules for the batch. If there are no more task schedules for the batch, the process 700 can
stop. Stopping the process can include returning to one or more blocks in the processes
described above, such as block 510 in the process 500 of FIG. SA or block 560 in the process
550 of FIG. 5B.

[0176] FIG. 8 shows an example of a computing device 800 and an example of a mobile
computing device that can be used to implement the techniques described here. The
computing device 800 is intended to represent various forms of digital computers, such as
laptops, desktops, workstations, personal digital assistants, servers, blade servers,
mainframes, and other appropriate computers. The mobile computing device is intended to
represent various forms of mobile devices, such as personal digital assistants, cellular
telephones, smart-phones, and other similar computing devices. The components shown
here, their connections and relationships, and their functions, are meant to be exemplary only,
and are not meant to limit implementations of the inventions described and/or claimed in this
document.

[0177] The computing device 800 includes a processor 802, a memory 804, a storage
device 806, a high-speed interface 808 connecting to the memory 804 and multiple high-
speed expansion ports 810, and a low-speed interface 812 connecting to a low-speed
expansion port 814 and the storage device 806. Each of the processor 802, the memory 804,
the storage device 806, the high-speed interface 808, the high-speed expansion ports 810, and
the low-speed interface 812, are interconnected using various busses, and can be mounted on
a common motherboard or in other manners as appropriate. The processor 802 can process
instructions for execution within the computing device 800, including instructions stored in

the memory 804 or on the storage device 806 to display graphical information for a GUI on
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an external input/output device, such as a display 816 coupled to the high-speed interface
808. In other implementations, multiple processors and/or multiple buses can be used, as
appropriate, along with multiple memories and types of memory. Also, multiple computing
devices can be connected, with each device providing portions of the necessary operations
(e.g., as a server bank, a group of blade servers, or a multi-processor system).

[0178] The memory 804 stores information within the computing device 800. In some
implementations, the memory 804 is a volatile memory unit or units. In some
implementations, the memory 804 is a non-volatile memory unit or units. The memory 8§04
can also be another form of computer-readable medium, such as a magnetic or optical disk.
[0179] The storage device 806 is capable of providing mass storage for the computing
device 800. In some implementations, the storage device 806 can be or contain a computer-
readable medium, such as a floppy disk device, a hard disk device, an optical disk device, or
a tape device, a flash memory or other similar solid state memory device, or an array of
devices, including devices in a storage area network or other configurations. A computer
program product can be tangibly embodied in an information carrier. The computer program
product can also contain instructions that, when executed, perform one or more methods,
such as those described above. The computer program product can also be tangibly
embodied in a computer- or machine-readable medium, such as the memory 804, the storage
device 806, or memory on the processor 802.

[0180] The high-speed interface 808 manages bandwidth-intensive operations for the
computing device 800, while the low-speed interface 812 manages lower bandwidth-
intensive operations. Such allocation of functions is exemplary only. In some
implementations, the high-speed interface 808 is coupled to the memory 804, the display 816
(e.g., through a graphics processor or accelerator), and to the high-speed expansion ports 810,
which can accept various expansion cards (not shown). In the implementation, the low-speed
interface 812 is coupled to the storage device 806 and the low-speed expansion port 814. The
low-speed expansion port 814, which can include various communication ports (e.g., USB,
Bluetooth, Ethernet, wireless Ethernet) can be coupled to one or more input/output devices,
such as a keyboard, a pointing device, a scanner, or a networking device such as a switch or

router, e.g., through a network adapter.
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[0181] The computing device 800 can be implemented in a number of different forms, as
shown in the figure. For example, it can be implemented as a standard server 820, or
multiple times in a group of such servers. In addition, it can be implemented in a personal
computer such as a laptop computer 822. It can also be implemented as part of a rack server
system 824. Alternatively, components from the computing device 800 can be combined
with other components in a mobile device (not shown), such as a mobile computing device
850. Each of such devices can contain one or more of the computing device 800 and the
mobile computing device 850, and an entire system can be made up of multiple computing
devices communicating with each other.

[0182] The mobile computing device 850 includes a processor 852, a memory 864, an
input/output device such as a display 854, a communication interface 866, and a transceiver
868, among other components. The mobile computing device 850 can also be provided with
a storage device, such as a micro-drive or other device, to provide additional storage. Each of
the processor 852, the memory 864, the display 854, the communication interface 866, and
the transceiver 868, are interconnected using various buses, and several of the components
can be mounted on a common motherboard or in other manners as appropriate.

[0183] The processor 852 can execute instructions within the mobile computing device
850, including instructions stored in the memory 864. The processor 852 can be
implemented as a chipset of chips that include separate and multiple analog and digital
processors. The processor 852 can provide, for example, for coordination of the other
components of the mobile computing device 850, such as control of user interfaces,
applications run by the mobile computing device 850, and wireless communication by the
mobile computing device 850.

[0184] The processor 852 can communicate with a user through a control interface 858
and a display interface 856 coupled to the display 854. The display 854 can be, for example,
a TFT (Thin-Film-Transistor Liquid Crystal Display) display or an OLED (Organic Light
Emitting Diode) display, or other appropriate display technology. The display interface 856
can comprise appropriate circuitry for driving the display 854 to present graphical and other
information to a user. The control interface 858 can receive commands from a user and

convert them for submission to the processor 852. In addition, an external interface 862 can

56



WO 2023/137036 PCT/US2023/010552

provide communication with the processor 852, so as to enable near area communication of
the mobile computing device 850 with other devices. The external interface 862 can provide,
for example, for wired communication in some implementations, or for wireless
communication in other implementations, and multiple interfaces can also be used.

[0185] The memory 864 stores information within the mobile computing device 850.

The memory 864 can be implemented as one or more of a computer-readable medium or
media, a volatile memory unit or units, or a non-volatile memory unit or units. An expansion
memory 874 can also be provided and connected to the mobile computing device 850 through
an expansion interface 872, which can include, for example, a SIMM (Single In Line
Memory Module) card interface. The expansion memory 874 can provide extra storage space
for the mobile computing device 850, or can also store applications or other information for
the mobile computing device 850. Specifically, the expansion memory 874 can include
instructions to carry out or supplement the processes described above, and can include secure
information also. Thus, for example, the expansion memory 874 can be provide as a security
module for the mobile computing device 850, and can be programmed with instructions that
permit secure use of the mobile computing device 850. In addition, secure applications can
be provided via the SIMM cards, along with additional information, such as placing
identifying information on the SIMM card in a non-hackable manner.

[0186] The memory can include, for example, flash memory and/or NVRAM memory
(non-volatile random access memory), as discussed below. In some implementations, a
computer program product is tangibly embodied in an information carrier. The computer
program product contains instructions that, when executed, perform one or more methods,
such as those described above. The computer program product can be a computer- or
machine-readable medium, such as the memory 864, the expansion memory 874, or memory
on the processor 852. In some implementations, the computer program product can be
received in a propagated signal, for example, over the transceiver 868 or the external
interface 862.

[0187] The mobile computing device 850 can communicate wirelessly through the
communication interface 866, which can include digital signal processing circuitry where

necessary. The communication interface 866 can provide for communications under various
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modes or protocols, such as GSM voice calls (Global System for Mobile communications),
SMS (Short Message Service), EMS (Enhanced Messaging Service), or MMS messaging
(Multimedia Messaging Service), CDMA (code division multiple access), TDMA (time
division multiple access), PDC (Personal Digital Cellular), WCDMA (Wideband Code
Division Multiple Access), CDMA2000, or GPRS (General Packet Radio Service), among
others. Such communication can occur, for example, through the transceiver 868 using a
radio-frequency. In addition, short-range communication can occur, such as using a
Bluetooth, WiF1i, or other such transceiver (not shown). In addition, a GPS (Global
Positioning System) receiver module 870 can provide additional navigation- and location-
related wireless data to the mobile computing device 850, which can be used as appropriate
by applications running on the mobile computing device 850.

[0188] The mobile computing device 850 can also communicate audibly using an audio
codec 860, which can receive spoken information from a user and convert it to usable digital
information. The audio codec 860 can likewise generate audible sound for a user, such as
through a speaker, e.g., in a handset of the mobile computing device 850. Such sound can
include sound from voice telephone calls, can include recorded sound (e.g., voice messages,
music files, etc.) and can also include sound generated by applications operating on the
mobile computing device 850.

[0189] The mobile computing device 850 can be implemented in a number of different
forms, as shown in the figure. For example, it can be implemented as a cellular telephone
880. It can also be implemented as part of a smart-phone 882, personal digital assistant, or
other similar mobile device.

[0190] Various implementations of the systems and techniques described here can be
realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
(application specific integrated circuits), computer hardware, firmware, software, and/or
combinations thereof. These various implementations can include implementation in one or
more computer programs that are executable and/or interpretable on a programmable system
including at least one programmable processor, which can be special or general purpose,
coupled to receive data and instructions from, and to transmit data and instructions to, a

storage system, at least one input device, and at least one output device.
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[0191] These computer programs (also known as programs, software, software
applications or code) include machine instructions for a programmable processor, and can be
implemented in a high-level procedural and/or object-oriented programming language, and/or
in assembly/machine language. As used herein, the terms machine-readable medium and
computer-readable medium refer to any computer program product, apparatus and/or device
(e.g., magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs)) used to
provide machine instructions and/or data to a programmable processor, including a machine-
readable medium that receives machine instructions as a machine-readable signal. The term
machine-readable signal refers to any signal used to provide machine instructions and/or data
to a programmable processor.

[0192] To provide for interaction with a user, the systems and techniques described here
can be implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaying information to the user and a keyboard
and a pointing device (e.g., a mouse or a trackball) by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user as well;
for example, feedback provided to the user can be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback); and input from the user can be received in
any form, including acoustic, speech, or tactile input.

[0193] The systems and techniques described here can be implemented in a computing
system that includes a back end component (e.g., as a data server), or that includes a
middleware component (e.g., an application server), or that includes a front end component
(e.g., aclient computer having a graphical user interface or a Web browser through which a
user can interact with an implementation of the systems and techniques described here), or
any combination of such back end, middleware, or front end components. The components
of the system can be interconnected by any form or medium of digital data communication
(e.g., a communication network). Examples of communication networks include a local area
network (LAN), a wide area network (WAN), and the Internet.

[0194] The computing system can include clients and servers. A client and server are

generally remote from each other and typically interact through a communication network.
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The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other.

[0195] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of the disclosed technology or of what
may be claimed, but rather as descriptions of features that may be specific to particular
embodiments of particular disclosed technologies. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in combination
in a single embodiment in part or in whole. Conversely, various features that are described in
the context of a single embodiment can also be implemented in multiple embodiments
separately or in any suitable subcombination. Moreover, although features may be described
herein as acting in certain combinations and/or initially claimed as such, one or more features
from a claimed combination can in some cases be excised from the combination, and the
claimed combination may be directed to a subcombination or variation of a subcombination.
Similarly, while operations may be described in a particular order, this should not be
understood as requiring that such operations be performed in the particular order or in
sequential order, or that all operations be performed, to achieve desirable results. Particular
embodiments of the subject matter have been described. Other embodiments are within the

scope of the following claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A system for determining and controlling automated layer pick operations, the system
comprising:
an automated layer picking system in a pick area of a warehouse, the automated layer
picking system comprising a picking tool that is configured to grasp and move one or more
layers of cases from source pallets to destination pallets in the pick area; and
a computer system in communication with the automated layer picking system, the
computer system being configured to:
receive, from a warehouse management system, a layer pick planning request
for at least one order for items that are stored in the warehouse;
retrieve, from a data store, information associated with the layer pick planning
request, wherein the information includes layer pick request data, inventory position
data, task and carrier queue data, and status data about the automated layer picking
system,
determine, based on the retrieved information, an initial feasible solution for
completing the layer pick planning request, wherein determining the initial feasible
solution includes:
determining initial batches of pallets based on grouping destination
pallets that require layers of items from same source pallets,
determining, based on the initial batches of the pallets, corresponding
batch scores, wherein the corresponding batch scores indicate a total amount
of moves required to move the source pallets into the pick area for the
automated layer picking system to execute the initial batches of pallets in the
pick area,
determining initial locations of the pallets in each of the initial batches
based on assigning locations in the pick area to the source pallets and the

destination pallets,
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determining, based on the initial locations of the pallets, corresponding
location scores, wherein the corresponding location scores indicate a total
amount of time required by the automated layer picking system to execute at
least one of the initial batches of pallets in the pick area,
determining an initial schedule for each of the initial batches based on
determining an order of tasks for the automated layer picking system to
execute to complete the initial batch, and
determining, based on the initial schedule for each of the initial
batches, a corresponding schedule score, wherein the corresponding schedule
score indicates a total distance traveled by the automated layer picking system
to execute the tasks in the initial schedule;
iteratively adjust the initial schedule for each batch to test alternative task
schedules;
iteratively adjust the initial locations of the pallets for each batch to test
alternative locations based at least in part on the adjusted initial schedule;
iteratively adjust the initial batches to test alternative batches based at least in
part on the adjusted initial schedule and the adjusted initial locations;
identify a heuristic solution for the layer pick planning request based on the
alternative task schedules, the alternative locations, and the alternative batches; and

return the heuristic solution for the layer pick planning request.

2. The system of claim 1, wherein the automated layer picking system is a gantry layer

picking system.

3. The system of claim 1 or 2, wherein the picking tool is a gantry head.

4. The system of any one of claims 1-3, wherein determining initial batches of pallets

further comprises determining an order for which the automated layer picking system

to execute the initial batches.
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10.

11.

The system of any one of claims 1-4, wherein determining initial locations of pallets
comprises assigning one or more source pallets required for a first destination pallet
proximate an assigned location of the first destination pallet and assigning one or
more other source pallets required for a second destination pallet proximate an

assigned location of the second destination pallet.

The system of any one of claims 1-5, wherein the location scores indicate a total
amount of time required by the automated layer picking system to execute a first

batch and at least one subsequent batch.

The system of any one of claims 1-6, wherein the location scores indicate a total
amount of time required by the automated layer picking system to execute a first

batch and at least one prior batch.

The system of any one of claims 1-7, wherein the location scores indicate a total
amount of time required by the automated layer picking system to execute a first

batch, at least one prior batch, and at least one subsequent batch.

The system of any one of claims 1-8, wherein the computer system is further
configured to generate output based on the heuristic solution for the layer pick

planning request.

The system of any one of claims 1-9, wherein the computer system is further
configured to generate instructions that, when executed, cause the automated layer
picking system to execute tasks in the heuristic solution to complete orders that

comprise the layer pick planning request.

The system of any one of claims 1-10, wherein the computer system is configured to
iteratively adjust the initial schedule for each batch to test alternative task schedules

based on:
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moving at least one task in the initial schedule from a first execution time to a second
execution time to generate an updated schedule;

simulating completion of the schedule by the automated layer picking system to
determine a total distance traveled by the automated layer picking system;

generating an updated schedule score based on the total distance traveled by the
automated layer picking system;

determining whether the updated schedule score is an improvement over the schedule
score of the initial schedule;

identifying the updated schedule as a heuristic schedule based on a determination that
the updated schedule score is an improvement over the schedule score of the initial schedule;
and

discarding the updated schedule based on a determination that the updated schedule

score is not an improvement over the schedule score of the initial schedule.

12. The system of any one of claims 1-11, wherein the updated schedule score is an
improvement over the schedule score of the initial schedule if the updated schedule

score is less than the schedule score of the initial schedule.

13. The system of any one of claims 1-12, wherein moving the at least one task comprises

swapping the at least one task with another task in the initial schedule.

14. The system of any one of claims 1-13, wherein moving the at least one task comprises

inserting the at least one task into another execution timeslot in the initial schedule.

15. The system of any one of claims 1-14, wherein the computer system is further

configured to determine whether the updated schedule is feasible.

16. The system of any one of claims 1-15, wherein determining whether the updated
schedule is feasible comprises:

identifying a set of operations for the updated schedule;
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determining whether the set of operations are accounted for in the updated schedule;
and
identifying the updated schedule as feasible based on a determination that the set of

operations are accounted for.

17. The system of any one of claims 1-16, wherein the computer system is further

configured to:

determine a new task schedule for unaccounted operations based on a determination
that the set of operations are not accounted for;

determine whether the new task schedule increases a build order by a threshold
amount;

determine whether the new task schedule violates at least one transform based on a
determination that the new task schedule increases the build order by the threshold amount;

determine whether the new task schedule violates reverse picks based on a
determination that the new task schedule does not violate the at least one transform; and

identify the new task schedule as feasible based on a determination that the new task

schedule does not violate the reverse picks.

18. The system of any one of claims 1-17, wherein the computer system is further
configured to:
determine that the new task schedule is infeasible based on a determination that (i) the new
task schedule does not increase the build order by the threshold amount, (ii) the new task
schedule violates the at least one transform, and (iii) the new task schedule violates the
reverse picks.
19. The system of any one of claims 1-18, wherein the heuristic solution includes the

updated schedule.

20. The system of any one of claims 1-19, wherein the computer system is configured to
iteratively adjust the initial locations of the pallets for each batch to test alternative

locations based on:
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assigning a source pallet in the batch to a location other than an assigned location of
the source pallet in the initial locations to generate updated locations;

simulating movement by the automated layer picking system between the updated
locations to determine a total time to complete the batch by the automated layer picking
system;

generating updated location scores based on the total time to complete the batch;

determining whether the updated location scores are improvements over the location
scores of the initial locations;

identifying the updated locations as heuristic locations based on a determination that
the updated location scores are improvements over the location scores of the initial locations;
and

discarding the updated locations based on a determination that the updated location

scores are not improvements over the location scores of the initial locations.

21. The system of any one of claims 1-20, wherein the updated location scores are
improvements over the location scores of the initial locations if the updated location

scores are less than the location scores of the initial locations.

22. The system of any one of claims 1-21, wherein the heuristic solution includes the

updated locations.

23. The system of any one of claims 1-22, wherein the computer system is further
configured to determine that the updated locations are feasible based on a
determination that the updated locations of the source pallet are different than
assigned locations of other pallets in the batch such that no two pallets are assigned a

same location in the updated locations.

24. The system of any one of claims 1-23, wherein the computer system is configured to

iteratively adjust the initial batches to test alternative batches based on:
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changing an order in which the initial batches are to be completed by the automated
layer picking system to generate updated batches;

simulating completion of the updated batches by the automated layer picking system
to determine a total number of moves performed by the automated layer picking system to
complete at least one of the updated batches;

generating updated batch scores based on the total number of moves;

determining whether the updated batch scores are improvements over the batch scores
of the initial batches;

identifying the updated batches as heuristic batches based on a determination that the
updated batch scores are improvements over the batch scores of the initial batches; and

discarding the updated batches based on a determination that updated batch scores are

not improvements over the batch scores of the initial batches.

25. The system of any one of claims 1-24, wherein the updated batch scores are
improvements over the batch scores of the initial batches if the updated batch scores

are less than the batch scores of the initial batches.

26. The system of any one of claims 1-25, wherein the heuristic solution includes the

updated batches.

27. The system of any one of claims 1-26, wherein the computer system is further
configured to determine that the updated batches are feasible based on a determination
that that (i) the updated batches increase a build order by a threshold amount, (ii) the
updated batches do not violate at least one transform, and (iii) the updated batches do

not violate reverse picks.

28. The system of any one of claims 1-27, wherein the status data about the automated
layer picking system includes (i) at least one of movement and location information
about the picking tool, (ii) status information about a system that is configured to put

source pallets in the assigned locations in the pick area, and (iii) information about
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whether the assigned locations in the pick area are filled with the source pallets and

ready for picking.

29. A method for determining and controlling automated layer pick operations, the
method comprising:
receiving, by a computer system and from a warehouse management system, a layer
pick planning request for at least one order for items that are stored in a warehouse;
retrieving, by the computer system and from a data store, information associated with
the layer pick planning request, wherein the information includes layer pick request data,
inventory position data, task and carrier queue data, and status data about an automated layer
picking system in a pick area of the warehouse, the automated layer picking system
comprising a picking tool that is configured to grasp and move one or more layers of cases
from source pallets to destination pallets in the pick area;
determining, by the computer system and based on the retrieved information, an initial
feasible solution for completing the layer pick planning request, wherein determining the
initial feasible solution includes:
determining initial batches of pallets based on grouping destination pallets that
require layers of items from same source pallets,
determining, based on the initial batches of the pallets, corresponding batch
scores, wherein the corresponding batch scores indicate a total amount of moves
required to move the source pallets into the pick area for the automated layer picking
system to execute the initial batches of pallets in the pick area,
determining initial locations of the pallets in each of the initial batches based
on assigning locations in the pick area to the source pallets and the destination pallets,
determining, based on the initial locations of the pallets, corresponding
location scores, wherein the corresponding location scores indicate a total amount of
time required by the automated layer picking system to execute at least one of the

initial batches of pallets in the pick area,
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determining an initial schedule for each of the initial batches based on
determining an order of tasks for the automated layer picking system to execute to
complete the initial batch, and
determining, based on the initial schedule for each of the initial batches, a
corresponding schedule score, wherein the corresponding schedule score indicates a
total distance traveled by the automated layer picking system to execute the tasks in
the initial schedule;
iteratively adjusting, by the computer system, the initial schedule for each batch to
test alternative task schedules;
iteratively adjusting, by the computer system, the initial locations of the pallets for
each batch to test alternative locations based at least in part on the adjusted initial schedule;
iteratively adjusting, by the computer system, the initial batches to test alternative
batches based at least in part on the adjusted initial schedule and the adjusted initial locations;
identifying, by the computer system, a heuristic solution for the layer pick planning
request based on the alternative task schedules, the alternative locations, and the alternative
batches; and
returning, by the computer system, the heuristic solution for the layer pick planning

request.

30. The method of claim 29, further comprising the method of any one of claims 2-28.
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